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AUTHOR’S PREFACE. 


WiiK.N tho author published his ‘Outlines of Structural a^d Phj%io- 
logical llotaitj’’ ten years ago, it was his intention to prepare a 
Hcc^)nd volume dPvoted t o Systematic Botany. Various circumstances 
concurred to prevent that plan from being carried into efl'cet, among 
tho most important of which were, first, the rapid advance made in 
certain departments of Structural Botany soon after that datBjwhich 
rendenal a reciisting of tho existing volume desirable, and, secondly, 
the gradually streiigtheniiig e.onvictfon, derived from experience in 
lecturing, that tho arrangement of the matter in tho ‘Outlines’ 
was not that best adapted for the iustriietion of those for whose mse 
it was intended. * , 

Notwithstanding that tho author’s own labours have been chiefly 
in the field of Physiologieal Botany, he quite concurs with the 
opinion exiwessed by the distinguished authors of the ‘ Flora Indies,’ 
who believe tli,al. disscirvico is done to tho cause of Botany by occu¬ 
pying the attention of students in the first instance with’thc abstract 
parts of tho science. The largest class of students of Bptany arc 
tho.se who pursue tho suhjcsjt as one included in tho prescribed course^ 
of medical education. One short course of Ixicturcs is devoted to 
this science, and three months is commonly all tho time allotted to 
tho teacher for laying the foundations and bgilding the supcrstrucr’ 
turo of a knowledge of Botany in the minds of his pupilsj vqry few 
of whom como prepared even with the most rudinfbntary acquaint 
ance with the science. To direct the attention of the stndigi^ to a 
scries of isohetod facts and abstract propositions relating to the ele¬ 
mentary anatomy of plants, is to cause him to charge his memory or 
his note-book with materhils in which he can take but little interest, 
from his incapacity to perceive their value or applications. Some of 
the most important questions of Physiology are as yet in no very 

• a2 



iv ATTnOK’s'PKBPACS 

advanced state, and the conflicting evidence on many of these cannot 
be properly appreciated without an extensive knowledge of plants. 

Bnt if wo endeavour to seize the floating conceptions furnished by 
common experiende, and to fix and detiiie them by a coureo of exact 
practical ohserx’ation of the mon' accessible characters of plants 
(showing the felations of these as they occur in different divisions of 
the Vegi'table Kingdom), .we jdace the student in a jKwition which 
enables him to i)roceed at once with an inquiry into the peculiuriti.' 
of the pliuits he meets with, and in this way to acquire a fund of 
practical knowledge, which is not only absolutely reiTuisitc before 
entering on abstract inqnirie.s. but is especially cakflilated to secure 
his peniranent interest in the study. 

Physiology is undoubtedly of the highest importance, and from 
its nafure is that p.art of tin; Science which, were it not for the 
above difficulties, would with tnost advantage be taught by lx>cturcs. 
If the previous education of nit'dical students prepiired them, as it 
should, with an elementary knowledge of the Natural Sciences, we 
should make Physiology the most conspicuous feature of a course 
o£ Botany in a Medical School. In the meantime we subonlinatc 
it to the other branches in practical teaching, and in this volume 
have dealt with it in what we regard as its proiwr iilaco in the order 
of study. 

^ A compendious maniud of a science m-akes peculiar .demands ujM)a 
the pewcrs*of an antlior. Originality of matter has little place. 
The exeucisc of judgment and con.scicntionsncss in exiimination of 
.original sources are everywhere demanded; and these are of course 
most beneficially employed when they rest upon an extcn.sivo basi.s 
of practical experience, ^lucdi care and labour have been expended 
"m the preparation for, jind execution of, the pnisent volume; and the 
author, trusts, that his experience as,a teacher may j»rove to have 
enabled him to produce a good working text-book for tho student, 
from.Tjhich may be obtained a groundwork of knowledge in all 
branches of the Science, without tho. attention being diverted from 
the more striking features of the subject by details compai:ativcly 
unimportant. 

ARTHUR HEKFREY. 

London, June 1867. 



EDITOR’S PREFACE. 


Tnij EditoWs duty in superintending' the publidbtvn of tliis Tolu^ie 
was dear, though its execution has proved onerous. To i^vise 
the whole work, to eliminate passages which the progrm of Bota¬ 
nical Rcicnec Ijad rendered obsolete, to insert new material, and 
to endeavour, as far as circumstances would allow, to render tiie 
book as good an exjwncnt of the state of Iwtany at the-preseut time 
as the previous edition was at the date of its publication,—sneh was 
the course laid down to be followed. To this end Professor Hen- 
frey’s text has been left intact' in all cases where this could be done 
without compromising its value. In particular those portions wliich 
have special interest as embodying the results of the ^lamented 
author’s original researches have been carefully retained. • 

Little alteration and comparatively slight additions have been needed 
in the chapto™ relating to Morphology and Physiological Anatomy. 
The latter department especially was so thoroughly investigated by 
the author that it is no matter for wonder, though assuredly it Is 
for congratulation, that modifications, relatively unimportant, were 
all that appeared necessary in the portion of the work devoted .to 
this subject. I’rofcssor Honfrey in Ms lifetime was the almost 
solitary representative io this country of Physiological Anatomy^ 
<lcrtainly no Englishman has of late years, earned in tMs special 
department so well founded a reputation, and great'ha^ been tim 
loss to English science from Ms premature decease. 

In other scjptions the changes have necessarily been greater.* The 
systematic description of the‘Natural Orders has been condensed, 
and to sobJb extent recast, especially as regards the Cryptogamia. 
In his knowledge of this latter class of plouto the author was also pre¬ 
eminent; but the additions to this department of* Botanical science 
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hove been so great and so important, that considerable reconstruc¬ 
tion has been neccssarj' to bring the work up to the present time; 
but here, as elsewhere, wherever it has been practicable to do so. 
Professor Henfrey’s views have been scrupulously regarded. 

It will be seen that, in the portions relating to Systematic Botany, 
frequent reference has been made to the views of Messrs, llentham 
and Hooker on the affinities of the various families of plants. The 
volume of the ‘ Genera Plantarum ’ already published by those 
distingnishefd botanists, and which it is to be hoped will speedily be 
followed by the remainder, has served as a guide so ^ar as its limits 
have allowed. In the case of the oivlei’s not included in the iihovc- 
ndmed volume, the Editor has availed himself of the ‘ Flora Austra- 
licnsis ’vof Mr. Bentham, the second edition of Dr. Harvey's ‘ Genera 
of 'Sonth-African Plants,’ edited by T)r. Hooker, ns well ns of' 
manuscript notes kindly placed at his disposal by the latter gentle¬ 
man. In this manner it is hoped that a general idea of the views 
of those eminent botanists as regards the affinities of the larger 
groups of plants may be obtained.. 

Great progress has been made in matters pertaining to physiology, 
especially in Germany and France, since the publication of the 
original edition; and hence a corresponding amount of labour has 
been bestowed by the Editor on those portions of the book allotted 
to the consideration of those subjects. 

The sections relating to geographical and geological botany are, 

in a student’s manual, necessarily treated merely in outline; and 

hence they have been 1^ nearly as written by the author, with a 
1 

few requisite additions ^d modifications. 

By means of careful condensation, nniisposition of material, and 
difiisrent typographical arrangements, a large amount of new matter 
and some additional illustrations have been added, without materially 
increasing the size of the volume. In this, as in all other matters, 
fitjie convenience of the student has been carefhlly considered. 


June 1870. 


M. T. M. 
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INTRODUmON. 

SECT. 1. OBJECTS AND SUBDIVISIONS OF THE SCIENCE. 

1. Botany is that department of Natural Science which deals 
with Plants; a knowledge of it consists of an acquaintance with 
a body of accurately observed facts connected with the Yogetablo 
Kingdom, and with the laws which have been deduced from them 
as expressions of the order and relations in which they 
sclvos in nature. 

No attempt is here mode to Mnea, plant, so as to separate the abstract 
conception of this kind of being from tMt of minerals and animals; for an 
absolute and exact definition cannot be properly comprehended without^ 
familiarity with a largg portion of the matters which it is the object of 
the present treatise to teach. At the outset we must be content with 
the conception of a plant Jumished by the previous experience of the 
student; this will be enlarged and at uie some time rendered clearer by 
the study of the following pages; and after the mure important principles 
of physiology have been expounded, something like a sadsfoctpry.defini- 
don may be attempted. • 

2. Botany is divisible into two prindpal departments:— 

History of Plants, which deals with the characteristic pheilomena 
presented by the individual kinds of phmts; and PMloso^ieal Botany, 
the object of which is to ascertain the general &ct8 and laws whidi 
may be recognized as pertaining to more or less considerable as¬ 
semblages of plants. 

Philosc^hical Botany represents the pure sdence; and it is withvthe 
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dcjUrtuKOtB o£ 'we have chiefly to do in this work. The Natural 
*InHoi^bf tflraf^wUch in early times constituted the whole science, 
&t the pieseut time, into a number of distinct branches of 
AppBed or Practical Botany. 

8. Philosophical Botany includes the following departments:— 

I. Morphology, or Comparative Anatomy of plants, consisting of 
the study of the forms of the organs, or physiolc^cally diverse parts 
of plants. * * 

II. Elementary or Physiological Anatomy : the study of the tissues 

dhd the intimato*itructure of the organs. * • 

With these two are conveniently associated the Terminology, or 
technical language of Botany. 

ni. Physiology : the study of vital phenomena, influding those 
specially characteristic of plants, and also those whicfi are common to 
the animal kingdom, as well as the consideration of the general 
£>Bmi<Sil agents pertaining to the mineral kingdom equally with 
the tmp others. 

IV. Classification, which is the study of the mode of i>laciug thes 
kinds of }>lants in groups and scries of groups so os to express in 
an abstract form their mutual A'lntions and their degrees of i)erfec- 
tion in organi/ation. This department includ«» the Principles of 
Descriptive Botany, and of the Eomendature of kinds and classes of 

plants. 

*• 

As all natural science is founded on experience, the exposition of the 
laws and generalizations belonging to the foregoing departments must 
necessarily be accompanied by mon* or less extended descriptions of 
matters of fact; so that much of the material Ix'louging to the Natural 
History of Hants, or Applied Botany, must be include iind(>r these heads. 
3!his is especially the case iu the department of Clas’^i/ication, where on 
minor^Tounds it is advisable to associate the tabular arrangement of the 
groups with a systematic sketch not only of the botanical t haracters, but 
of the general mstoiy of the principal Natural Orders of plants. 

4. Applied Botany is divisible into many departments. That most 
dosely connected with Philosophical Botany is Descriptive Botany, 
which is the art of describing the spedes or particular kinds of 
plants in technical language, in such a manner that they may be 
readily recognized by botanists. Special works are commonly de¬ 
voted to this brdtich, and very commonly these confine themselves to 
the plants of a limited area, as a particular country or even province; 
such bhoks are called Floras. Pharmaceuticdl Botany treats of the 
medicinal, natritious, or poisonous pfoportios of plants. Vegetables 
possessing such properties are generally included under the head of 
Materia Medica, to which subject special treatise^ arc also devoted. 
Agricultural, HortmUtural, and Economic Botany are often treated 
as distinct subjects: the first two are founded on the application of 
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the principles of Physiological Botany ; the last on the astertained 
facts of Cioniparative and J^ementary ^atomy, and on the combina¬ 
tion of these facts with chemical and mechanic^ knowledge. 

None of these departments of Applied Botany receive separate treat¬ 
ment in this work, although incidental reference is made to them to 
indicate the application of the laws and facts of philosophical Botany 
to them. ^ • 

5. Botanical Oeography and Botanical Geology \ot PaUeontology) 
are mixed studios, ifound^ on the association of the results of puje 
and*applic^ Botany with those of other sciences: Ihe first is related 
most closely to Physiological Botany, but has some p^blemff mi 
generis, to be solved only by independent facts and observations; the 
second has some very interesting relations with the Scientific Classi¬ 
fication of plants. These two departments require a brief separate 
treatment in a text-book of Botany, as applications of the ^ienqp 
having a peculiar philosophical interest. 

G. The characters of the principal divisions of the Vegetable 
Kingdom being morphological as well as physiological, while those of 
the subordinate divisions are almost uurriy morphological, the study 
of the Physiological Anatomy and t£c Physiology of Plants admits of 
being postpoiu^ in an elementary course of study, until after a 
general examination of the characters of the Classes and Orders of 
plants bus been made,—an arrangement which is found very ad¬ 
vantageous in teaching, since it postpones the consideration o^ 
the more abstract que-stions until the student has made some con¬ 
siderable advance in a general knowledge of Botany. 

In the present work, therefore, the different departments are 
treated of in the following order:— 

Part 1. MoBrnonoov, or Compaeativb Axatomt op’Plaitjs. 

„ 2. Systematic Botaxt. 

„ 3. PuTSioLOGT, including Physiological AxATOirir. 

„ 4. Geogeapeical and Geological Boiaxt. 


SECT. 2. GENERAL CHARACTER OF T|IE METHODS AND 
MEANS USED IN THE STUDY OF BOTANY. . . 

7. The study of the morpholep of plants, to which tiie first Part 
of this volume is devoted, necessitates little more than a sqpplf^ 
fresh plants, a penknife, and a pocket magnifying-glass of moderate 
power. Roots, stems, and leaves require no preparation; and the 
dissection of most flowers is a very simple operation. The majority 
of the characters .of many flowers may be observed by simply re¬ 
moving successively the calyx, corolla, and stamens with a penknife, 
and by‘examining the pistti or pist^ by perpendicular and cross 
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dices. Peipendicnlar sections of entire flowers are very instinctive; 
and horizontal sections through unopened bads, both of leaves and 
flowers, are likewise necessary for &e examination of the relative 
position of the oigans, and of the vernation and aestivation. When 
flowers are extremely minute, and also in the investigation of the 
stracture of ovules and seeds, the simple microscope becomes almost 
a rSquisite. Tgiis instrument consists essentially of a stand, pro¬ 
vided with a moT^eable arm' supporting a magnifying-glass over a 
stage upon which the object is laid, so that Mh hands may be at 
lilierty for its dis^ction. The stage is an open frame, upon which 
a slip of gJ^B rests, and the object to be examined, lying on the 
glass slip, may be illuminated by a small mirror beneath sending 
light through it, or by a condensing lens at the side bringing a 
bright spot of converging rays upon it. The dissection is effected 
\gi& a^e dissecting scalpel and needles: the simplest dissecting- 
needles are lhade by forcing the heads of sewing-needles into the 
cedar sticks used for camel-hair pencils, securing them with a little 
sealing-wax. 

8. In pursuing the study of Systematic Botany, the same means 
are used, the o^y difference being that the investigation of each 
flower is carried out in detail, so as to ascertain all its characters, 
with a view to determine its special peculiarities and its relations 
to other plants. It is a very useful and improving exercise for the 
smdent to make a thorough analysiB, and to write down in full the 
' characters of the plants he meets with, before searching in books for 
their names, and also to do the same with known plants, and then 
to compare the dioractors thus drawn up with those given in au¬ 
thentic works. 

‘ 9. To those who follow out Systematic Botany in detail, and wish 
to gain acquaintance with the species of plants, it becomes necessary 
to have £cces8> to an Herbarium —^that is, a collection of plants so 
dried that the specific characters, at least, ore preserved. In many 
cases, if the di^g has been carefully effect^, the generic cha¬ 
racters may bo ascertained by soaking tho flowers in hot water, 
when they become softened and the ports separable, like tea-leaves 
dPter infusion. Hcrbhria furnish materials for tho comparison of 
plunts; as-it is seldom that a number of spccicB of one genus can be 
obtained in a fresh state at one time. Persons living in the country, 
^^iL^st^dying the British plants, wiU find it.indispensable to form a 
ooUeifiaon of dried specimens. 

Plants are dried by laying them oul smoothly when fresh between 
several folds of paper (either stout blotting-paper, or, still better, 
what is called “ Botanical paper,” made for the puipose), and sub¬ 
mitting them to pressure by means of weights laid on a boa^. Tho 
damp paper must be frequently replaced by dry sheets, and when 
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the plants are quite dry, they may he fixed to half-sheets of white 
paper, with a little thin glue, or by amply attaching them by bands 
of gummed paper, or by stitching. The best kind of paper is stout 
white cartiitlge, of demy size; some prefer a stout writing-paper, 
rather smaller, of the same size as lawyer’s “ draft”-paper. Only 
one species should be placed upon one half-sheet; the name shp'ild 
be written on the lower left-hand comer. The hplfasheets contmn- 
ing the species of a genus may be placed in a sheet of the same 
pamr, the jiame of the genus l^g written oift^e, likewise at tku 
Ion-hand bottom comer. These sheets may be kept in drawers of 
a cabinet, or tied up in bundles, between covers of stoubpastelfoard. 
It is advisa|^le to poison the dried plants with a solution of corrosive 
sublimate in spirits of wine, as some of them are very liable to be 
devoured, espeaaliy their flowers, by insects of various Muds. Plants 
preserved in herbaria, especially if rare or local species, should alwafrs 
have the place where they have been gathered carefully noted. 

10. The study of the Elementary Anatomy and the Physiology 
' of Plants opens up a far more extensive field for the employment of 

instruments and technical manipulations. 

11. First of all, a eompound microscope is an essentisL For the 
student, magnifying-powers of 1-inch, ^-inch, and |-inch are amply, 
sufficient, although the more abstruse questions require the most 
perfect and powerful instraments that can be obtained. For general 
students’ use the binocular microscope has no advantage over 
ordinary instramont. 

'The tissues of plants are observed for the most part by means of 
extremely thin slices passing in various directions through the strao- 
tures. These are usually best made with a razor. Stems, pieces pf 
wood, and other firm objects, when being cut, may be heli in the 
finger and thumb of the left hand; delicate and thin stmetures, like 
leaves &o., should be placed between the two halves of a split coyk. 
or rolled round the edge of a cork, and the cork supported by slick¬ 
ing it in the neck of a vial or test-tube, which serves as a handle. 
Seeds and similar small •objects may be fixed, for slicing, on a piece 
of white wax. Where it is not imperative^ to examine the tissues 
in situ, small portions may be softened by boiling in water. 

Sometimes it is useful to obtain preparations }>y maceraHng the 
softer tissues, either in water, or weak acids. In the case of woody 
structures recourse may be hod to an operation which resiuim^ia 
little care: a fragment of thq wood is to be placed in a watch-glaM 
with a morsel of chlorate of potash, to which a drop or two of nitric 
acid is added by means of a glass rod, the whole being gently heated 
for a minute or two, and water being poured on to prevent complete 
solntiqn. The fragments macerated in any of these ways Iming 
placed on a slip of glass beneath the simple microscope, the ele- 
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meEtary organs may be picked out with a needle or extremely fine 
camel-hair pencfl, under a simple lens of ^ or J-inoh focus, and re¬ 
moved to a dean shdo. 

The thin slices, or the fragments of macerated tissues, should bo 
laid upon a slip of glass, a drop of water added, and a thin glass 
oovgr laid on. They may then be examined under the compound 
microscope. Objects of microscopic dimensions, such as minute 
Algae, Fungi, pollen-grains, ,&c., require no preparation. 

Jit is very instructive to apply chemioil reagents of vaj-ious kinds 
to the objects lying in water upon the microscopic slide. Dilute 
Bolplfutic add is o^n useful to coagulate protoplasmic structures, 
and to dear delicate tissues; when this is added first, anji afterwards 
solution of iodine, the younger cellular structures *um blue, while 
the older ones become deep yellow, iodine alouo co’ urs siareh- 
gvains blue. Sugar and nitno acid colour the protoplasmic struc¬ 
tures red. Hiese reagents may be appliiii by means of dropping 
from a glass rod or fine tube. It is often advanhigeous to soak the 
sections for some hours in a solution of pure carmine in ammonia 
diluted with water. The nud^ and ecll-eontents become tinged 
with the carmine, and can thus be more readily distinguished finm 
.the cell-wall. More particular ’•eference vill bo made to them in 
the chapters on An atomy. Microsoopic preparations of soft vegetable 
structures arc best preserved in glycerine or strong solution of chlo- 
of caldum. Some objects are advantageously monnted in Canada 
balsam; those must be well dried first, and, for a lew days previously 
to mounting, should bo soaked in spirits of turpentine. 

Those who desire to obtain minute instructions on the manipula¬ 
tions necessary for the study of Vegetable Anatomy, may consult 
^haohfs ‘Microscope,’ trandated by Currey, or the articles on these 
Bul^ects in the * Micrographic Dictionary.’ 

In phymological investigation various pieces of philosophical appa¬ 
ratus are requisite. It will sufSce to notice these when their appli¬ 
cations are mentioned. 
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MOBPHOLOGY, 

OR 

C05P MTIVE ANATOMY 

CHAPTflE I. 

GENEE^y;. MOKPHOLOGY. 

12. The functioiisi of plants being comparatively simple and, 
to sp \ in genera, erms, limited to those of nutrition and repi^ 
duction, the physiological classes of organs arc few. The immense" 
diversity which preseuts itself in the Vegetable Kingdom depends 
ch'cfly upon varieties in the form of organs performing similar 
functions. In addition to this, the organs of plants are displayed 
externally, not enclosed in cavities, or surrounded by an integument 
or shell like that of animals, so that the external forms of plants 
furnish a guide to fho discrimination of their moai; oss^tial dis¬ 
tinctive characters. 

Sense and voluntary motion being absent in tdonts, and their organic 
life being of a diffused character, they ore without the nervous system 
and the organs subservient to it, and without the connected system of 
blood-vessels, by which, in the majority of aninials, the unity and inter¬ 
dependence of the nutritive processes are maintained. . Flwta coi^st 
simply of organs of abscu^ou, dig estion, r espiration t and reproduction, 
all composed of comparatively uruium elementary tissues^ and supported 
by a solid framework or skeleton, which is more strikingly d0V<(io^:d 
according to the number of organs associated in one community, and 
more diverse in its mode of construction according to the variety and 
complexity of the physiological kinds of organs. 

18. The organs of plants are not only of few physiolo^cal kinds, 
but thpir variations in form depend on seconda^ modifications of a 
very few frindamentally diverse elements. The object of Vegetable 
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Morphology is to ascertain what those elements are, and to trace ont 
the laws nnder which .they acquire the different forms which they 
present in fiilly developed plants. 

The methods of Morphology consist in the comparative study of the 
forms of organs throughout extensive series of plants, the study of mal¬ 
formations arising from arrested or excessive growth (teratol^\ and, 
most important of all, the study of the progressive development ofplants 
from their embryonic forms (arpanogem/) . 

^14. The plants most familiar to uninstmcted persons belong to the 
highest classes of plants, and exhibit the greatest morphological 
complexity.p This complexity arises not from tho number of the 
organs, hut from the more clearly ^fined limitation o^ the various 
physiological functions to the different organs, which arc thus more 
specialized, whilo at the same time the organs Bin, anatomically 
speaking, more intimately combined together into a connected whole, 
and the reproductivo powers are more individualized and concen¬ 
trated at p^cular centres. 

The foregoing may be comprehended by controsting any ordinary 
Flowering plant, having distinct blossoms and seed-bearing fruit, with a 
Fern, where the fruit is home upon leaves gonemlly of the usual cha¬ 
racter, and again with a Sea-weed or a Lichen, in which there is not 
even any distinct separation between stem and leaf-structures, and no 
leaf-httds exist. 

.trlS. In Flowering plants we readily distinguish, in all stages of 
iife beyond the very earliest, two distinct kinds of product of the 
growth, viz. a stem or axis, and lateral organs, of various but always 
definite kinds and forms, such as leaves &c., which are unfolded from 
the buds of this axis, and become what wo may call its appendages. 
In ScaTWoedk, lichens, and Fungi, there is no reoUy similar diver¬ 
sity of parts; the axis alono is represented, always devoid of loaf- 
bn&, and 'therefore of proper appendicular organs,—^tho axis itself 
assuming most varied forms, often more or less approaching those of 
true leaves, but never exhibiting a distinct separation into two kinds 
of vegetative stmoture such os characterizes the higher plants. A 
distinctive name is given to that class of axes whi^ exist without 
appendicular vegetative organs. Such products as the leaf-like expan- 
siods of'Sea-w6eds, the sede-liko plates or crusts of lichens, or the 
flocculent “ spawn ” of Fungi, performing at once the function of stem 
a»dne 9 o|fc and leaf, represent what is t^nioally termed a ^Uus , 
Iqants characterized by the possession of this Mild of vegetaSro 
stmoture are called Thallophy ta, and' are contrasted with all the 
higher plants exhibitmg the o^xistence of stem and loaf, which are 
called .^ophTta, or Cormophyta (from eormut, a stem). 

16. But flie Axophyta are again distingoishahle into twp very 
Well-marked groups, by the chapters of ^e reproductive organs. 
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which, moreover, connect the lower of the two groups with the 
Thallophyta. The Thallophjta and the lower Axophyta (induding 
Mosses, Ferns, and allied clajMes) are reproduced by ^orUj a simple 
kind of seed, in which no embryo pr mdunentary jdant exists at &e 
period when it is thrown off by the parent. Mie higher Axophyta 
are reprodnoed by true mdg, which are far more highly organised 
bodies than spores, and which aro espedally cbaraotertzod by &e pre¬ 
sence of an embryo, or mdimentaiy plad;, whic^ is developed within 
them while«the seed is still contained in the paxenV&uit. The latter 
division also is characterized by the possession of flowers, whil| the 
spore-bearing Axophyta are flowerless, like the ThallopU^a. 

From this'crossing of the chaikcteristics, according as we sel^ the 
vegetative or tha reproductive organs as the marks of our divisions, it 
becomes a matter of choice, as it were, how we shall define our principal 
groups, in drawing up a svstematic plan of the Vegetable Kingdom. Ab 
Inim as it was supposed that the lower plants were asexual, it was more 

E huosophical to select the ve^tative org^, as the most general* Now, 
owever, that there is no douot of the existence of distinct sexual organs 
throughout all plants, it is more correct to take the reproductive stouc- 
tures for the characterization of the'higher groups, emce they are of 
greater physiological importance than the vegebitive organs. 

17. In the following Table the primary groups aro founded on the 
characters of the bodies by which plante are reproduced (seeds and 
spores). The complex organization of seeds enables us to use suIvk 
ordinate characters of the same organs for fbther subdivision in the 
higher class; in the lower group, however, the simplicity or uni¬ 
formity of thentruoture of spores only allows lu to proceed one st^ 
in this direction, and we are forced to have recourse to characters 
derived from other sources. The mode of occurrence of the^sexuH 
organs affords very good charaoters in the higher Flowerless plants; 
but with regard to the Thallophyta, in the present st^te of our 
knowledge, we are compelled to resort to characters of habit, which 
however, mark out tolerably weU the natural subdivision of these 
plants. 

In the following Table the links placed at the ddes indicate the limits 
of the groups known ^ the names of Phanerogamia, or Flowering Plants, 
and CtyptoOTinia, or Elowerlese Plants, on the <me~ hand, dnd ef JfroiftVte 
(or vSrtmphufa), Plants with stems, and ThaUovhvUf, or Plants without 
oppomtion or stem and leaves. 
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COEMOPHYTA or AXOPHYTA. THALLOPHYTA. 
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lIOBFH(tf.O(>Y OF FI.OWFBINO FUITTS. 11 

18. By far the greater portion of the plants useful to man belong 
to the Spormocarpous division; and this includes also the most conspi¬ 
cuous and familiar forms of vegetation. Hence it is desirable that 
the Flowering plants should occupy a principal place in an elemen- 
tarj’ work, and, moreover, that they should bo examiued in the first 
instance, Wore the student is led into the study of the more M)b- 
Bcuro and minute characters of the Cryptogamia.. But the study of 
Cryptogamous plants is indispensable to the v^etablo physiologist; 
while it forms an interesting department of the msitphology of plants, 
and must receive a certain share of our attention. It will bo found 
most convenient, however, to leave the Cryptogamia coAplotcly out 
of view in eur preliminary examination of the morphology of the 
Fhanerogamia, {eserving even the diflFerontial characters of tiie two 
great divisions luitil wo have completed the investigation of the 
positive characters of the Flowering plants. 


CHAPTER II. 

MORPHOLOGY OF THE PHANEROQAMIA. 

Sect. 1. Geneeal Osseevations. 

19. In any ordinary Flowering plant we readily recognize some 
of the most important characters of the organization.. Taking fko 
plant as a whole, we find a item, furnished below witli roots \o fix it 
in the ground and absorb nourishment, and clothed g,bove*with green 
leaves, which arc known to be the organs of respiration and digestion. 
Taken together those constitute the system of veffetative oraaTu. moTe 
or less complicated in their development and arr^gemeht ui different 
cases, and concerned inlhe nutrition and enlargement of the indivi¬ 
dual plant (in the familiar sense of that term). At certain seasons 
we find, Buperadded to the foregoing, a system of organs constituting 
the blossom, and consisting of the reiyroductive ortyaws. provided for 
the production of seeds, the “ eggs,” as it were, of plants, from which 
now independent individuals may be raised. 

20. The blossom, or inflorescenee, consists of one or more flowers, 
which, as will be sWvn hereafter, are composed of various Mnds of 
peculiarly modified foliar append^es, more or less blended together 
into compound organs. For our present purpose it will suffice to 
describe the general and essential characters of the parts found in 
true fiowersir 
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21. The outer covering of complete flowers consists of a circle of 
leaf-like organs, most frequently of green colour, 
and often united together below to form a kind 
of cup; this cup or circle of leaf-like organs is - 
called the ealycn, and its component parts are 
the. sgjflZs. Within the calyx of complete y jU # 

flowers wo find one or more drolos of ordinarily V 

lai^r, but more delicate, and generally brightly ^ 

coloured leaves; these are likewise united to- 
gether below in many flowers; they form col- 
lectivbly the eqrolla, and the individual parts p 

are called peta/s. 

Examples of the above may be found in the 
Heaitseaso, the Chickweod, the Primrose, &c., 
w^ere Kieie exist a green calyx and a coloured 
corolla. In the Tulip the outer parts of the 
flower (!bnsist of six rimilarly coloured orgmis, 
resembling ordina^ petals; while in the Bock 4 

thecv are six greenish sepal-like organs. A close _ 

examination shows, however, that noth kinds of of a"Sowi' " 

organs stand in two circles of three, one within of four oirdo of organs, 
•the other; hence many authors rejr^ them as ^^B^i>etaiB,8tamenB,»nd 
representing a calyx and corolla of like structure; ^ 

other authom give the doable circle the collective name of perianth or 
pthigone. These irregularities will be treated of more at length hereafter. 


Diagram illaafcrating the 
oomt^oeition of a fiowiT, 
of four oirdoa of organa* 
aepala, petalB*8tamenByand 
carpala. 


22. The calyx and eoroUa have no essential share in the produc¬ 
tion of the seeds; they merely surround and protect the more im¬ 
portant organs, either temporarily, or as entering more or less into 
the composition of the fruit. The collective term ^al envelones ia 
therefore commonly applied to the calyx and corolla taken togomer; 
and cithor*one qr both of those may bo absent in flowers wMch are 
perfectly capable of producing seeds. 

23. 'Mtiun the petals are placed the stamens, or male organs of 
flowers, consisting of more or less club-shaped bodies called anthers, 
lunally supported upon throad-Uko stalks* called JUammts. The 
essential character of an anther is that it contains, and ultimately 
disoharges, the&io dust-like fertilizing globules called jwllsn. 

24. ^0 centre ■of the flower is occupied by VkogUtU or jnsHls, the 
female or seed-hearing parts of the flower. Pistils are formed of 
folj^organs oorrespondmg to sepals, petals, and stamens, and called 
carpels', but these are not always so readily distingnishable, on 
account of their varying number and degree of unions consequent 
upon their being crowded at the apex of the flower-etalk. The 
distingoishing character of a carpel is that it becurs ovules or mdi- 
mentary seeds. 

25. As tile stamens fhmish ^e pollen by which the ovules are 
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rendered fertile, the two sets of organs, stamens and carpels, are con¬ 
sidered 08 essential organs o f flowers, without which tho purpose of 
the whole structure could not bo performed. 

In some flowers, such as those of the Hydrangea and the Snowball-hush 
( Viburnum Opulus), there is a tendency m cultiTation to the abortion of 
the stamens and pistils; so that the flowers become neuter, or totally 
barren. Ilut in many plants it is the natural conefltidh for the stamens 
to oc.cur in distinct flowers from the pistils, so that the individual flowers 
ars imperfect, male or female; we have example^of this in the plants, 
of the Cucumber family, and also in most of our native forest-trees, such 
as the Oak, Ueech, Hazel, Poplar, &c., where the staminat^ and ^stillate 
flowers ar^ollected in separate bunches or catkins, of which the stami- 
nate fall oft soon after the pollen has been discharge. 

26. The carpels, tho essential organs of a female flower, present' 
themselves in two conditions in Flowering or Seed-bearing pla^; 
and these two conditions form the basis for tho primary subdivision 
of this group. 

27. In by &r the majority of flowers the carpels are folded up so 

as to form hollow cases, in the interior of which the ovules are 
enclosed. In such instances the pistil is divisible into regions, of 
which tho lower hollow portion, called the ovary, is the most impor¬ 
tant; very frequently a stalk-like process, tho is prolonged 
upward from its summit, terminating above in a more or less thick¬ 
ened head, called the stigma, which marks the position of an oiiSce 
leading down through the tubnlar stylo into the cavity of the ovary. 
In many cases the stigma is seated immediately upon the top of the 
ovary, without an intervening style (Poppy, Tulip). Plants bear¬ 
ing their ovules in such closed ovaries are callod .^ ^tQspsrmQMS. or 
covered-seeded. • 

28. In Pinos, Firs, the Yew, Juniper, and in the exofjc family of 
tho Cycads, the sexual organs occur in distinct floVers; and theee 
flowers are not only devoid of proper floral envelopes, but reduced 
respectively to single stamens and single carpels, mostly collected 
into male and female eswes. The anthers of the male cones produce 
pollen, and t&e oai^Is oif'lhe female cones produce ovules ; but the 
carpels occur in the form of open scales, and the ovules are bqme, 
naked, upon the surface or the free margins of the carpels, so that 
the pollen roaches them at once, without passing through a stigma 
and stylo. Plants with flowers of this kind, with which'we asso¬ 
ciated many peculiarities in the mode of development of the embryos, 
are called fl^nosjpsrwHms, or naked-seeded. 

Much difference of opiidon still exists among botanists as to the true 
nature of the female flower in Gymnospenns; but for the present theabove 
explanation vrill suffice for tiie student. 

29. The 'Angiospermia, comprehending the great body tA the 
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Flowering plants, are separable into two very natural groups, which 
are plainlydistinct in the mass, although many complex relations exist 
between them. Distinctive characters of the two divisions may bo 
found in many parts of the organization of the majority of the 
plants; but the most general di^rence is that which occurs in the 
struoture of the emhryo contained within the seed. 

30. In one difisien we find that the seeds, with few exceptions, 

contain an emhryo in.which wc may distinguish two rudimentary 
■ leaves, or applied face to face, and having the termirad 

bud, or growing-point of the stem, enclosed between them. In the 
other mvisioil the embryo presents but one cotyledon, or seed-leaf, 
more or less rolled round the bud, like a sheath. The phints of the 
•first division are called Dicotyledonous, those of the second Monoco- 

ty'-^notts. 

The character of Dicotyledonous seeds may be readily examined by 
soaking ig hot water a common Bean, a Turnip-seed, and an Almond, and by 
stripping off the skins, the embryo forming in these cases the entire seed. 
The character of Monocotyledonous seeds may he seen by cutting in half 
(longitudinally) an Oat, wherein the embryo may be seen to lie at one 
side of the base of the seed, the great mass of which consists of mealy 
endosperm ; or the little cylindrical emhryo of the Cocoa-nut luay be found 
imbedded in the edible substance opposite to one of the three large black 
spots at one end of the shell. The structure is still more distinct, from 
the'abscnce of mdmperm, in certain water-plants, such as Ptdamogetmi, 
Amina, and others. The character founded upon the embryos is not 
absolutely distinctive of these divisions, since in some cases wo have em- 
br yos without fatinct cotyledons, as in the OrobanchaetMB among Dico- 
tyledons. and In the tfemdacet? among Mdnocoty icdons~; but the re- 
muning characters of me respective divisions are well marked in these 
cases, and the Exceptions are fewer in this respect than in any other that 
can be selected. 

31. Dicotyledons and Monocotyledons are naturally divided from 
each other by tfie general characters of their mode of germination, 
the struoture of their stems, the arrangement of the skeletons of their 
leaves, and the numlmr of organs in the circles of the fiowers. Those 
distinctive characters may bo made clear by contrasting them in a 
Table:— 

DioomBDOXB. Moxoooivlbdoxs. 

Germination .—^Tho radicle or root- The radido never developed; 
end of the embryo is developed the roots lateral, pushed out 

into a tap-root. (ExorrUzae.) through the base of the 

cotyledon. (Endorrhizic.) 

Stems .—^The bundles of woody sub- The bundles of woody sub¬ 
stance collected into a closed stance always remaining iso- 
drde round a central pith, and kted, and ceasing to grow 
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retaining vitality on the enter 
side, by which they produce a 
new layer of wood every season 
of gro^h. (Exogens.) 


at the fall of the leaf with 
which they are connected. 
(Eudogens, so called from a 
mistaken view of their struc¬ 
ture.) 


Leaves .—^The skeleton of the leaves 
formed of repeatedly branched 
and reticulatcly anastomosed 
fibres (net-ribbed). 


Flowers. —Scpuls, petals, and sta¬ 
mens, and more rarely carpels, 
generally five or some multiple 
of five. 


The skeleton’of the leaves 
formed of a number of equal, 
simple,^and nearly inde¬ 
pendent fibres, connected 
only by slendcf cross fibres 
(parallel-ribbed). 

Sepals, petals, stWens, and. 
carpels, generally three 
some multiple of thtee. 


It may bo said that the importance of the above characters is about in 
the order in which they stand in the above Table; but the character derived 
from the leaves is far more general ifi the Dicotyledons than it is in the 
Monocotyledons, while the reverse is the case in regard to the character 
of the flowers, which is very constant in the Monoco^ledons, while the 
number four, and even three, is far from rare in the Dicotyledons. 

32. The ripe seed of the Gymnospermia is very much like thaf of 
Dicotyledons; but the leaves of the embryo are either more numerous, 
or, if but two are pi'csont, they ore slit into lobes, whence these plants 
have been called PolycotwMonous. 

33. The gemiinWon ot tKe sceJof all the Spermocarpia or Flower¬ 
ing plants consists in the emergence of the embryo, •more^oT less 
completely, from the seed, and in the unfolding of its rudimentary 
vegetative organs, the radicle, the cotyledonary leaf or haves, with 
the stem connecting them, and which terminates above in a little bud 
colled \haplumule-, the subsequent unfolding of the plumule 
birth to the first true leaves, llero. then, we have represented all 
tEnunHsToT'^ms’^rve^ation which form the first objects 
of our investigation, namely the root, the stem, and the leaf, together 
nith the or compoimds of rud^entarv stem and leaves, which 
occur at ad '^’i^g^olnts of tlie plants pdss'edbing these organs 
(Axophyta) (fig. 2). 

^ The phasnomena of germination may be conveniently observed by sow- 
inn some Tomip-seeds and Oats in a saucer of moist sand covered by a 
bell-glass. 
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Sect. 2. Ths Boot. 

34. The root may be doseribed in general terms as the descending 
leafless portion of the .axis, or the prolongation, downward of that 
central body the opposite extremity of which is directed upwards 
and boars the leaves and reproductive organs (fig. 2). Another 
character of geper^ although not of universal application is, that it 
is the part of the plant which penetrates into the soil, and which 
Beeves at once as the principal organ of attachment and of-nutrition. 

Fig. 3. 

Rg. 2. 


AseodlingDiootylftdonoiiJipIaiit. Lilyofthe Talley (Cbnra/^rin nutpUit), 

wU>h an Bsctsnding and a de- wifch a Bu1it(>rraneoui creeping stem 

Boending aria. and adventitiottB rootB. 

i.Tbe statement that roots descend, is subject to slight formal exceptions 
in the dUes of the lateral ramifications of roots, and of the lateral roots 
formed by parasitical and by certun climbing plants, which often retain 
their origmal direction, making a more or less obtuse angle with the stem 
from which they rise. These trifling exceptions are far less noticeable 
than the deviation of the stem from its general character as the ascending 
part of the ax^ since in a lai^ number of perennial plants the direc* 
tion of the main stem is constantly homontal; stems of tins kind are of 
frequent occurrence amoig perennial herbaceous plants, and are ordinarily 
termed by gardeners “ creeping roots: ” for example, those of the Lily of 
the Valley (fig. 3), Garden Rag, Couch Grass, &c. 

35. The true root exists in a rudimentary form (as the rorfiefel 
in an early stage of the existence of all^plants forming stems; 
hat the original radicle, the real infSiior extremity of the axis,.is 
only developed into an actual root in the Dicotyledons; in the 
Monocotyledons, and in the stem-forming Rowerl^ plants (such as 
the Bems), the radicle is abortive, and &e efficient roots are really 
. lateral organs, comparable, in a certain way, to the Iraves upon 
the ascending part of the stem. i Where the primary radicle is deve- 
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loped, \re haye a true or fl^Zroot (fig. 4); but the roots which are 
produced from the sides of stems are termed . . 





The axial root may be seen well in any seed¬ 
ling Dicotyledonous plant, as in a young Dean 
or Turnip; and by watching the germination of 
a few seeds of such plants, the development of 
the radicle into the axial root may be readi] 
traced. The axial nature of the root is clearl 
evident in the full-grown plants of most annual 




and arborescent perennials of this class the axial 
root is persistent, growing by annual incri'nse 
into a large woody mass, proportionate to tliat 
of the ascending stem or trunk. 

The origin of adventitious roots may be ob¬ 
served in germinating seeds of Monocotyledon- 
ous plants, such as grains of Uats, Wheat, &c.; 
but their essential character may be still more 
■ ’clearly distinguished in plants which form ad¬ 
ventitious roots on well-developed stems and 
bud-like stnictures. The fibrils which fsprout 
from the joints of the stems of numerous creep¬ 
ing plants (Oroimd-1 vy. Mint, Sand-Sedge, &c.), C***™ 

the clamping roots of Ivy-stems, the roots of an _ » g «). 

Onion-bulb, &c. afford familiar examples of adventitious roots. • 

36. ’Axial roots branch, apparently by a kind of bifurcation of tie 
growing point or points, wid they vary to a certain extmit in the rela¬ 
tive development of their iiarts. 'V^ero the branches Pip. g. 

are comparatively small and the central axis is both VSIJ/ 

thick and considerably elongated, the root is called 
n toi^oot (fig. 5); whore the branches are deve- 
loped so that the principal aids is lost as it were in , 
its own ramifications, the root is called fibrous 
(%• 4 ). 

The bronchos of the root are, in the first instance, 
regularly arranged in rows one above another. ' M3 
Tlio number of rows varies in different cases ;*and y[Tj\ 
the regularity of disposition is soon lost. 

When the tap-root exists in herbaceous plants, it s. iy 
often exhibits a more or less succulent character, and ' 
becomes uUiberow ftan-roaL as in the biennial Turnip, \m. 

Carrot, BeetlTcc!; where tnis organ is peculiarly de- 
velbped in the first season of growth, to serve as a h 

reservoir of nutriment The tendency of sudi plants * 

to exhibit this character in excess under the influ- Fnnform Tsp-root of 
ence of. stimuli, renders them extremely valuable for ^*7“* (.£>«■««* 
economic purposes. The fibrous rootlets upon the sniv 
face of tuheroiu tap-roots, like the Caizo^ Parsnip, &c., appear to he 
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Fig.O. 


mostly true 'branches. A distinction is made in describing tuberous roots, 
between those which ^ ^ Carrot, and those which are 

wmform, as in the Turnin: • A woody tep-root is found in many forest 
irms, as, for example, in the Uak; but here the branches share more 
extensively in the increase of size, and their direction tends more to the 
horizontal Fibrous roots are particularly characteristic of plants growing 
in light and sandy soils; the perennial, woody forma are especially charac¬ 
teristic of shmbhy Dicotyledons. 

In general terms'it may be stated &at the form assumed by the roots, 
whether true or adventitious, is in dirpet relatim to the medium in which 
they grow and the pTjposes they hav^|p serve.* 

37> Advfutitious roots (fig. 0) 
alone occur upon Monocotyledons 
and Flowcrloss plants, since their 
i^radicles are never developed; they 
h'e also necessarily the only kind 
which can occhr upon specimens of 
Dicotyledonous plants which have 
beenraised,not fromseods, but from 
cuttings, layers, tubers, &o. They 
arise from tbcside of the stem which 
. gives birth to thcm,andmostreadily 
in the vicinity of buds or loaves. 

They take their origin from the 
cam bium?egfoin lying beneath the 
^i3em5Jnn37or "bark of the stem, 
and break their way out through this, raising up a more or less evident 
and persistent rim, termed the “ eoleorhiza ” or root-sheath; and when 
they decay, they leave a scar in tlie fornToT an orifice at the point where 
they emerged. These scars art! obliterated by bark-structure in w«)dy 
Dicotyl^ons; but in creeping rhizomes, bulbs, &c. they are piirsistent. 
Adventitious roots of Dicotyledons appear to branch in the nmnner of 
axial rooti ; buUthe branches of the adventitious roots of Monocotyledons 
are adventitious, mid exhibit a eoleorhiza. 

38. Adventitious roots arc very 
variable in form and consistence. 

They may be fibrous (fig. 6), or 
tiiberouj, and are not Uncommonly 
of intennediaig character in the 
Monocotyle4r'.{B,bonBistingof more 
or less fleshy fibres. Either 
the fibrous or tuberous form may 
ooour exclusively in groups of ad- 
vmtitiouB roots, or such groups 
may contain roots or rootlets of 
both kinds. In arborescent Mono¬ 
cotyledons the adventitious roots , 
aoouire a woodv chazMher andinsat * 



Toft of fibroua advenUtioos roots of a Grass. 
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fiizo; in horbacoons Monocotyledons they ore commonly annual, or, if 
iuheroug, biennial. 

The fihrma adventitious roots of Monocotyledons are generally soft, 
much elongated, and little divided, like those at the base of bulbs of the 
Ilyacinth, Onion, &c. (fig. 10). A mixture of fibrous and tuberous adven¬ 
titious roots, forming what is called a fosciciifofa root, occurs in ITetncro- 
callis, and in llamiiieititm Fiearia (fig. 7J. A peculiar moi^ation of tl« 
structiue is found also in most terrestrial Orchids. In Jipifaia HUipendula 
the fibrous roots exhibit tubt*rouH thickenings at intervalB. 

39. The yeungest parts of rootlets, whether brayhes of axial roots 
or adventitious roots, often exhibit a coat of delicate cottony hairs, or 
Mrihcr. which are thread-liko growths from the qndermis, anJ arc 
tnrown off in perennial roots when tho epidcimis gives place to tho rind. 

Tlaxw/AriV. mu^ be distiugnislied from the ultimate ramifications of 
the root itself which are sometimes scry fine. Their uaturo will be ex¬ 
plained under the head of the Anatomv o‘f lioots. Examnles may birfoundl 
in potted (lerauiums (l^larf/miiiim), tleaths, &c., or in the roots of many 
Monocotyledouous bulbous plants and Grasses growing on light soils. 

• 40. Hoots of ordinary plants bury themselves in the soil; those of 
wutcr-jdanls, usually more snccnlcnt^in their texture, penetrate tho 
mud, as in tlic Water-lilies, or hang fi'eoly down in tho water, as in 
Duckweed and the Water Crowfoot. A number of plants exhibit w hut 
are called aerial roots, which ore always adventitious ; and ^se may 
be either tkc trol(‘ radic al oiyans of the x>lant, or roots develo pi^ li^ 
atiove the ground buT^owi n g down to reach 'tho so j ^ ( «~ffi cy may 
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be convOTtod into organs of ssPTwrt for a weak stem. In true para- 
plants ^e ro^, nioro or loss developed, attach themselves to, 
and become organically blended with the roots or stems of other plants. 

The plants called such as the aerial Orchids, various Araceous 

plants, and members of the i'ine-apple family, are possessed of aerial root s 
alone. The stem of such plants rests upon some foreign body, sHcFasTKe 
Afanch of a tree, totally unconnected with the earth, and produces loim 
adventitious r6ots'«which hang suspended in the atmosphere, from which 
they absorb their food in the state of vapour. Boots developed in the air , 
an d subsen gently descending, present thenwelves m vario'H conations. 
One of the most remarkable is that which is observed in the Mangroves 
(fig. 8) (BHiaophoracese), where the seed germinates in the fruit .while 
the latter is still attached to the tree, and drops down ij^ long radicle 
until it reaches the mud in which these trees grow, so that the stem of 
the young plant is enabled to establish itself firmly in the uncertain soil 
^efore it detaches itself from the parent. This is an axial root. In the 
ulanyem tree (Ficus indica) adventitious roots arc frequently developed 
on the branches, which, descending to the earth, penetrate into it and 
become supporting columns, which ultimately assume the appearance of 
trunks, and give the tree the appearance of a groim or even a grove of 
trees united together at their heads. The roots of the arborescent Mouo- 


Fip. 0. 



randmus oiuntiuimm, the Borew-pllie, irith edTentitioiu root) mpportiBg the trnok. 
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cotrledons partake to a certtun extent of the aame character; and those 
of Palm-trees are ohaerred to arise successiyely one above another in a 
spiral course near the base of the stem, growing outwards and downwards 
to penetrate the ground, the older ones ultimate^ decaying. In the 
Screw-pines (Ptmdanwi)^ plants growing on the shores of toe Indian 
Islands (fig. &), this is still more striking and distinct, as toe spiral line 
which they form is more open, and the roots arise for a long way up tog 
stem; here also the older roots and the base of the stem decay^ so 
that toe whole plant comes to be supported by toe lateral advenfltions 
roots, as on so many props. Aerial booming of attachment 
may Ite seen ih toe climbing sterol' Iv^of the gtWM Ingnm^X^eco^ 
raaicanH^, &c. _ ^ 

Parasitic plants developed from seeds present, in their earlidtt sta^s, a 
radicle which in' mme cases becomes developed, in others not, or only in 
a peculiar manner. Some germinate in toe usual way, in toe earth, and 
their roots seek (hit those of their proper nurse-plants, to which they 
attach themselves organically, either superficially or by penetrating ([ecpljg' 
into the interior; in such cases they may be whoUy parasitic, as in the 
leafless Broom-ropes (Orobmwhacet^, or only partly dependent^ .as in 
TheMum, Ithmanthus, and Mehmpyrum. Others germinate in toe usual 
way in the soil; but their young stems attach themselves to those of 
other plants by adventitious routs developed at toe points of contact, while 
the lower part of toe parasite, connected with toe ground, soon dies away, 
ns in the Dodder (duieuta). The woody parasitos, Mistletoe (Viscum), 
Mt/sodeudrmt, and otheiib are developed from seed upon toe spot where 
they arc attached. Li toe Mistletoe, the seed clings by its viscid pulp: 
in Myzodendron by coiled hairy arms; and when tne radicle sprouts, 
drives its way through the rind of toe nurse plant until it reaches toe 
cambium layer, where it connects itself organically, becoming grafted 
exactly like a budded rose. No further development of root-structure 
occitmng here, the full-grown plant appears rootless, and like a branch or 
graft upon toe nurse tree. The earlier stages of growto of toe Rhizanthe®,, 
root-parasites composed chiefly of inflorescence, are not knowti; probably 
they are analogous to those or Viaciim in toe first instance, but with toe 
adcutinn of horizontal growths of stem-structure beneath J;he bicrk of toe 
nurse-plant 

41. Boots, as a general rule, are destitute of leaf-buds, which fact 
serves to distinguish them from rhizomes or root-stochs (stehs). 
But under certain circumstances, roots, as indeed every part of the 
vegetable structure, may bo made to form buds^but always from the 
sides, never from the end as in stems. Some trees ar^pecially prone 
to this, and may bo propagated by cuttings of the rodt, ct^ih as I)/rus 
japonica, Madura aurantiaea, the Plum-tree, &c. The fc.rt^of the 
Anemone japonka likewise produces buds very readily. 

Sect. 3. The Siek. 

42. The stem is. the ascending portion of the axis of a plant 

• 2)., It is (iharacterized by its growth taking place in a direc¬ 

tion contrary to that of the roots, and bearing on its sides regu- 
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larly arranged leaves or modifications of loaves, forming the lateral 
PL append milar organs. 

An exception to the ascending growth occurs in the case of creeping 
stems, where the main axis takes a more or less horizi^tal position; W 
the shoots of such plants, developed from their seeds, ascend, and the 
secondaiy axes, which bear the efficient leaves, assume the erect powtidhj 
ifif is seen in the tufted habit of gi'o\^ of plants with a subteimneous 
main stem. ‘ - 


43. Every stem »is developed a bud, which consists of a 
conical rudiment 'i;f the stem bearing rudimentary loaves crcfwded 
upon its sides. Tho primary bud of the stem of Flowering plants 
presents imclf as the plumide (fig. 2) of the embryo ; and so long as 
this axis continues to grow, a bud (the terminal hid) fe found at its 
extremity. Tho braucliing of a stem dcponis upo? the development 
^f lateral buds, which as a general rule appear only in the a.vil or 
upper angle between the base of a leaf and the stem, wheuoe they 
are called axiUary buds. 


There is in many embryo plants a small portion of tho axis intermediate 
in structure as in position between the true root and the true stem (fig, 2). 
This “ AwmitvlediMaru axis ’' often gives ofl’shoots, by which it may be dis- 
tinguished from roots; moreover it is cither cylindrical or tapers upwards, 


while a root tapers in the opposite direc¬ 
tion. This hypocotyledonary axis forms 
the trunk of the extraormnary plant 
called Wd%oit»chitt, hereafter described. 

44. The place w'hence a leaf arises 
marks the position of a structural re¬ 
gion endowed with special physiolo¬ 
gical activity; it defines externally a 
point*where the internal tissues have 
a peculiar arrangement. Hence a 
pa^cular name is applied to it, that 
of node ; sometimes a kind of articu¬ 
lation of the stem occurs at this point, 
but not as a general rule. Tho in¬ 
tervals between the points of origin: 
of leaves are called the in^ryn^Us. 
In buds, the 'j,tcmodo8 axe not yet 
devclop^^n a large majority of 
ascendSlg^ms,theintcmodes become 
considerably developed, so that thQ 
leaves ultimately appear stationed at 
distinet intervals. In many subter¬ 
ranean stems, at the lower part of 
the stems of many herbaceous plants 
(fig. 10), and in irunks of many 


Fig. 10. 



Biagnus of licsinng 

leaveB orowdetl on a stem with nadc- 
veloped intcrnodtii.- 
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of the arborescent Monocotyledons, the intcmodes never become much 
lengthened, and the loaves in consequence appear closely packed and 
more or less overlapping in the full-grown plants. 


The relati\’e development of the intemodes is next in importance to 
the Older of omuigement of the axillary buds, in oiiecting the genei^ 
forms of stems. A clear idea of the conditions may be obtained bv 
examining, in the first instance, what occurs in the uufoldyig of the bua 
of such a tree ns the Horse-chestnut In the bud thd enveloping scales, 
the rudimentary leaves, and oven the blossom may be distinguished, 
crowded on vhc uudcveloped nxia As the leaves ^erge and expand^ 
thev become separated from each other by the elongation of the luter- 
noifcs of the sU<m, until at length they stand at consideiubki disttSices 
along tlie sidei^of a shoot sevHrnl feet long. This may be illustrated by 
comparing it to the separation of the joints of a telescope, when its 
•aigf lis of tubes aao «'icces',iv<dy pulled out. Examples of permanently 
uudevelojied in s are oocil in the rosette-like olisboots of IJouse-, 

leeks ' • iiany .ubaceous perennials—^in the first season’s growA 

of suck plaots ns i . Turnip, Cmrot, Canterbury-bell, and indged of 
»o.s1 bicimiulwlicre the leaves all appear to anse from the root—in 
r V! buJlis of nuu y iMonocotyledims, such as the Crocus, Hyacinth (fig. 10), 
KC. In tbe.se cc'ses (bo tloweriiiji axis which subsequently appears often 
dev(rio}H‘s its internodes consideinbly, and rises as a tall stem. rVn inter- 
..o’diate condition is lo"'- vitb in stems which are elongated, but have the 
li es closely overlappnig, as in the coimnoii Stone-crop, many Coniferous 
trees, many t’alms (tig. i"), fie.; p. .. 

and a siiiu' w condition exists in 


the siibtmTnneouH root-stocks of 
varioii plants, where the imper¬ 
fect sheathing lenf-seales succeed 
each other at short intervals. 

4 . 5 . la tlio embryo of a 
Howering plant it is scarcely 

• possible to define the limits 
even of the stem itself, which 
loses itself above in the plu¬ 
mule, and below in the radiclo. 
But in fully-developed steins, 
a general division into three 
regions may bo distinguished, 
acrording to the kind of lateral 
organs which they boar, viz.: 

1. Tho £ea/.sc(^ercirion ffig. 

; 11), which issmpstij subter- 
^ranoan in its habit, and pre- 

• Bents itself with more or less of 
•the oxtomal appearance of a 
jroot, of aft enlarged fleshy bud, 



A ntsat of SmUoeina ^th s nwpiag rbi- 
fomc boaHng /Ajfnica/eir, m erect lea/^ vtco, 
tnd an infloregccuoe witb iraefi. 
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or of s combination of these two. The leaves upon this are never 
greeq^nt are of fleshy or membranous texture and simple forms. 

2 . ^e region, forming the ascending stem of plants generally, 
especially bharactorizod by the green colour and groat development 
of the foliage. 

3. The region, which is also known as the Injlomcence, is 
' distinguished.by its smaller, more dcUcate, and sometimes coloured 

leaves, the axillary buds of which produce blossoms. 

The extent, both positive and relative, in which these remons are re¬ 
presented is differekA in almost every plant; but a few ranetal statehients 
may,be made serving to illustrate the subject. The leaf-scale region w 
developed chiefly in herbaceoiM perennial ptmta ; find the nriiicipal modi- 
fleations of it will'bo examined'Hmuw^der the heads of Itiiiromos, Bulbs, 
and allied structures. It may be observed that the leaf-scales or abortive 
; foliaceous organs are almost exclusively composed of tSie stalks or slicaths 
^of leaves, without any part corresponding to the blade; exceptions to 
this, illustrating the nue, occur in tunicated bulbs like the llyacinth 
(fig, hfl), where the iimer scales bear a green blade standing out free at 
Uie top of the bulb, and again in various subaquatic Urasses wit^ 
creeping stems, in which the lower parts of the annual shoots often exhibit 
large open sheaths with small rudiments of blade at their summits. The 
region oMuing perf ec t leave s forms th e principal part of the axi s i n arbb- 
reeeent pliat^ where tiieTeafacale reponbccurs only ^me^mts where 


Rg. 12. 



Diansm of ■ plant of Vtromea ktitntfMa, 
where the leef-eoale region been the cotj- 
ledona «, «, and the reet of the item in a 
trne-leaf item with flowgn in the axUt U 
its leaves. 

the protecting scales of the autiunn 


Rg. 13. 



are produced; tbe scars of the 
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leaf-scales, crowded together from the non-development of the intemodes 
are very visible at the base of the yearly shoots.of many trees, for ex¬ 
ample, of the Horse-chestnut: other trees reproduce, as it were, their 
cotyledons at these points; the Jasmine, for example, exhibits a pair of 
broad undivided loaves near the base of each annual shoot In annual 
nlants the leaf-remon is predominant, but the bract - 
remon is retafivmy more develope d than in tr^\ Fig. 14. 
and tEe same iiolda goo J ^ p erKbmflTi^Saceous « 
plants. Innrbore(KreirtpIan{aIlieEacr^regTTO~u8iraIly " ft ^ u 
aoes not present itself until the leaf-regions of many m 
years^have btien formed, and even then it is gene-# 
rally formed from branches of the axis which have a . 
subordinate share in giving the special form to the 
entire pltuit; yimetimes, however, the form of the ? 

ramillcation is much atlected by the position of this > 

region, as in the ilorse-chestnut, Lilac, and other iJ 

trees, where tile terminal buds of shoots are deve- W , 

loped into an inflorescence, which of course puts a 1 •j-’’.?! 

stop to the onward growth at these points. 1 


% 46. The Leaf-scaled, stem, found especially 
among herbaceous perennial plants, is gcldom con- 
tinuons with an axial root; on the other hand, it 
is very prone to produce adventitious roots, as is 
natural to its usually subterraneous or creeping 
’mode of growth. "When its intemodes are regu- 
Iftrly altliough slightly devcloimd year after year, Di»gram of a plant i.t 
itfonnsanubbreviaMstemihorizontalorascend- 
ing, cither below or above ground. If the main leaf and bract rcifioM 
axis persists, producing a few branches each year, ™ 
and as it grows at one end slowly dies away ^ 

at the other, a more or less ruot-liko stmeturo is pfoduedd, termed 
a root-stocJc or rhizorm (figs. 11 & 22). If the gro'vrth of eifch axis 
dMays away ai regular intervals, so as to isolate the products of the 
succeeding axes, the result is different, and, instead of a branching 
rhizome, the axis resolves itself into a number of detached portions, 
in tho form of corns. If .these detached portions are chiefly com¬ 
posed of le'af-sc'ales, 'with the undeveloped stem small, so that they 
repriisont onlai^ed buds, they are called Wbs ffigl. 15 ,& 16). Another 
reproductive structure Wouging to the' Icai-scale regL'n of the stem 
is the tu^ (fig. 10), which consists of a fleshy fchicke)ti“d subter¬ 
raneous axis, arising in the axil of a leaf-scale, having its fc*ra in- 
temodcs considerably developed^ so that its leaf-scales are scattered, 
and cover isolated buds or “ eyes.” Tubers of analogous ohaxactor are 
sometimes formed from aerial branch ea, as in many epiphytic Orchids, 
where they have a green colour and are known as pseudo-MljS, 

47. Tlje Bulb (%. 16) is a stem remaining permanenily in the 
condition of a bud. Its axis consists of a &k or shortly conical 

c 
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plate, from the upper surface of 'which arise leaf-scales of fleshy 
character more or less overlapping each other, and enclosing the 
points of growth, while one or more circles of adventitious roots aro 
given off from the base (fig. 16). Bulbs are named, according to 



Soalj bulb ofZHium eandidum, with 
adventitioiM roots. 


Shwicftimi balb of the Gnrdeii Hyadnih. cnt 
through |)erpendicular]y, showing the leaf' 
snaJes arisiag from the abbreviated fiUtm 
(6), and the young bulbils m* cloves (a, tt) 
formed in the axils of loaf-scales. 


the character of their loaf-scaleB. »ca/y or samiMss when these only 
partially overlap (Idly), and (Onion, Hvacinthl. when the 

scales form compete sheaths. Bnlm produce floweriugases either from 
Hie terminal, or from axillary hu^. They are multiplied by buds 
developed in the axils of the scales in the form of new bulbs {chwef, 
fig. 16 a, a), which sooner or later become detached. When u bulb 
flowers from its terminal bud in its first season of gro'wth, it is 
annual; when it only strengthens itself by forming scales in the 
first season, and flowors from the terminal bud in the second, it is 
biennial; whp^i^t flowers from an axillary bud, tho terminal hud may 
he developca in the same form indefinitely and form & perennial bulb. 

The^S^ber of leaf-scales constitaling the mass of a bulb varies much 
in difi^nt plants: in Gagea, AUxum vmeak, and others there exists only 
one; AUxum okraceum has but two; the Garden Tulip and Crown Imperial 
have comparalavely few scales, while the Lilies and the Hyacinth (figs. 
16 & 16) have numerous coats or sc^es. A little explanation is r^ui- 
site as to the terms amual &c. as applied to bulbs. We nave an example of 
what is called an jumual bulb in the Garden Tulip. As planted in autumn, 
it is a bud compO^sed of lour ox jGive scales enveloping a central rudimen- 
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tATj flowering stem which tenninates the main axis. In the axil of the 
outer scale there is an axillary hud. As the flowering stem is developed 
the old bulb shrinks, while the axillary bud becomes more and more 
perfect; so that, after the flowering season is over, it forms a new 
Mb, to the ride of wJiich ihe withered remains of the old one are 
attach^. The terminal point of the new bud repeats the flowering, and 
its outer scale (sometimes the next also) subtends an axillary buddestine(’ 
to Wnme a new bulb in the next season. Such bulbs are sometimes 
called ‘preeventtMmu, since the bulbous structure of any given axis is 
formed before the wie leaves and flower. The Crown imMnal {FriUUaria 
imjMtilUis) aflSrds an example of a ^Examined in the* 

autumn, it is found to consist of fleshy scales produced at the lower jart 
of the axis which has just flowered; while a bud seated in the &il of the 
innermost of those scales is already developed, and by the decay of the old 
flowering stem has come to occupy the centre of the bulb. In the next 
season tliis bud flotrers: at first it is surrounded by the scales of its 
parent axis; but after the floyering is over, these very quickly shrivel up 
and disappear, the axis which has just flowered giving origin at its base 
to a number of scales replaciug them; and wMle the flowering #tem 
dgcays away down to these scales, a new axillary bud is developed in the 
axil of its innermost or uppermost basal scale. Thus the bmb always 
bears growths belonging to two seasons •on the same axis ; the nutrient 
leaf-scales of each axis are developed upon it after it has flowered, and 
sei'vo for the support of the flower of the next axis. Such bulbs are 
sometimes called posteeiitili^. and may be termed definite to distinguish 
them from the next kind. Vereunuu bulbs difler from the foregoing^ 
in retaining the products of the condensed axes of several years in a healthy' 
vegetative condition. Thus, if we examine a bulb of the Garden Hyacinth 
(fig. 10) when it is flowering by its tenninal bud, we find the base of the 
flowering axis surrounded by several leaves belonging to itself; the whole of 
them stand in the axil of a s^e belonging to the preceding year, which also 
contains the short remnant of the flower-stalk of that year; and to this 
scalu succeed several more, all belonging to that same axis; tliese more¬ 
over stand collectively in the axil of the innermost of a series of scales 
belonging to the year before, remains of the flower-stalk sof which are 
also sometimes visible, finally, on examining the axil of the innermost 
green leaf of the present year, we find, nestled between it and the base of 
the flower-stalk, the bud which is to form the axis of the next year. 
Therefore this bulb possesses *BtractuTes or axes belonging to four diranct 
generations. The bases of the green leaves expand into fleshy sheathing 
coats after the flowering of the axis which gives li^ to them; and the 
decay of their blades, which extends to the summit of Ihe bulb,*gives 
rise to the ragged or bitten-off appearance of the latter. These bulbs are 
vostv^Uioua like the lost Md, but may be distinguLshed from ftem as 

48. The Corm more or less resembles a bulb externally, but con¬ 
sists principally of a stem with littie-developed intemodes, thickened 
into a fleshy body, apd bearing leaf-buds at one point, eiihor at the 
summit, as in the Crocus (fig. 17), or at the side, as in Cokhiam. 

. The corm of a Crocus examined very e^ly in spring exhibits a primary 

c2 
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axis in the fonn of a roundish mass hearing the adrontitioas roots below, 
and giving rise above to one or several tufts of leaves. The bases of 
the leaves, outside which are a few membranous scales, being at first 
sunk in the parent axis, those tufts or rudimentary branches tue nut 
readily distinguished as seccndary axes; biit the 
terminal bud soon grows out to produce the flower. • 

4fter the flowering is over, the internodes be- PI 

tween the scales and the bases of the green leaves PS ^ 

become developed both vertically and also hori- 
zontally, so ns to convert the base of each flower- 
ing stem into a stew conn. When about half- “If "A 

grown the new corms stand out ns globular bud- I | . ; I 

like strudures on tho top of the old corm, which y „ y 

is gradually exhausted, and decoA's away, so os ""W 

to set its progeny free. In the axils of the upper- \ \ 

most leaves of the flowering stem are developed i ' ' I > ^ s 
neWghuds (which exist even before the com be- CormofthcCfordenCriK-uH, 
gins to sprout in spring); and ns the new' conns 
are ^rfecltd^tlie buds imbedded in their summits 
form the ruuxments of the leaves and flowers of the next season, sprout¬ 
ing out in the spring, each to reproduce a corm. Hence in a corm taken 
out of the ground a short tim.- after the flower withers, we And three 
sets of axes:—1, the withering parent corm; 2, the young corms branching 
from this, formed from the bases of the flowering stems; and, .I, tho 
axillary buds of the leaves of the latter, forming the resting buds at the 
summits of the new corms. 

. In Colchicum autumtude the conditions are somewhat diflerent. 'When 


the plant is flowering, in autumn, we find tho flowering stem attached to 
the side of the base of the corm; the flowering stem is smrounded at its 
base by sheathing scales and rudimentary leaves; in the axils of the two 
lowest lesA'es exist minute buds, and the’inteniodes between these leav(» 


are slightly developed. The flowering-stem then withers down to tlio 
ground, and during the winter the iuternode between the two buds swells 
and forms a new com, tho old one shrivelling up. The leaves appear 
above {^ttnd.in the spring, proceeding from tho apex of the corm, and 
the bud at the side of its lower end shoots out to form anew lateral stem, 
whidi produces sheaths and rudimentary leaves, and ultimately forms the 
flowering stem of the next autumn, the base of which repeats the fonna- 
tion of a com in like manner and shoots irp its tuft of leaves in the fol¬ 
lowing spring. The corm being formed from tho internode between tho 
buds, tho lower, of these is, to a certain extent, basilar as well as lateral, 
whild the upprJ one appsars near tho top of the perfect com, rather to 
one side, near (he scar of the old leaves and flower-stalk ; this bud may 
or mey not be develimed into a corm simultaneously, hut in any case 
it becomes detached from its fellow when the old com shrivels up, and 
thus may multiply the plant 

The com of Arum macuMum, examined in spring, exhibits two lobes, 
with an intemediate constriction; they lie adjoint horizontally: the 
com of the part year is shrivelled; the other is solid, and at the summit 
oxhibits sheathing scales enveloping the base of the erect flowering stem. 
)pening the sheath, which turns upward, wo see that tho flower arises 
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from a terminal bu^ while in the axil of a leaf arising below it exists a 
bud which is destined to swell up_ and form a new conn for the next 
season, the oldest one meantime withering away; so that two genera¬ 
tions with the rudiments of the third always coexist; these generations 
may consist of a greater number of indivi<lunla when additional conns 
arise from the axils of several of the scales of the parent corm. 

49. The Stent-tuher is either formed froi" 
the base of a stem, or from a branch arisiu 
from a Bubtcrraiicous leaf-scale (fig. 19), deve 
loped hither jfertially or entirely into a thic 
and fleshy mass, by expansion of its 8pong_, 
structure, its own leaves appearing in the form 
of rudimentary scales, in the axils of which 
exist dormant bnd& or eyes, capable of pro¬ 
ducing independent stems when the tuber 
recommences its development after a season 
of rest. 

•Axial tubers occur in many lierbaceons plants, 
ns in Corydidis buHtoaa ; when of annual dura¬ 
tion, those are essentially the same as* corms. 

The tuber of the Potato is a familiar example of 
the stem-tuher formed from a branch, in which its 
characters may he readily obsen'ed ; a number of 
leaf-scales attue base of the “liaulm” send out su^ 
terraneous branches, which at some distance from 
the point of origin cease to elongate, and swell up 
into tuberous masses. The tubers of the Jerusalem Artichoke (fig. 19) are 
analogous productions. Stem-tubers passing more or less into rhizomes form 
Pig. 19. 




Boot-tiiber formed at the* 
baeeof the stem of .Stratwm 
ltuthoea$tanum. 
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tbe 8o-Cfl]led roots of the Bironies ( Tamm communis and Bryonia dioicd), 
of the Sweet-potato (Convolvttlus Batatas), and the species of JMoscorea 
yicldinfr “yams.” TheJ^ubers of the terrestrial Orchids ore chiefly com¬ 
posed of lamcal structures. If wo examine the twin tubers of Orchis Morin 
(tig. 20), we find one at the base of the flowering-stem (a), which towards 
the close of the season is withered, while the other (o), crowned by a 
Wd (*), is solid and healthy; in the axil of the lowest leaf of this bud 
exists anotheif bud in a rudimenta^ state; and as the oldest tuber shrivels, 
this swcUs out and assumes its form, in the next season appearing as 
, the bud-tuber, while its parent becomes the tuber of the j^owering stem. 
The greatest part Cf the muss of these tubers consists of a swollen adven¬ 
titious ropt (§ 87), which is intimately blended with a few littlo-deve- 
loped stem-inteniodes and the terminal bud. In some cases these tubers 
are rounded; in others they are divided below, so as to 1*00016 palmate 
(fig. 21). lie tubers of Btmium (fig. 18) belong to the root. 

Kg. 20. 'fig. 21. 



60. The Rhizome or Eoot-stoch is a body composed of an indefinite 
number of corm-like axes permanently connected together, so as to 
form an elongated, root-like stem, more or less clothed with leaf- 
scales (fig. 22). Its intemodes arc generally little developed; some¬ 
times, however, regions' with developed intemodes alternate with 
others wherein they are undeveloped, giving a nodose character; 
when it has the intemodes much developed (figs. 11 & 24), it ap¬ 
proaches in chdraoter (through “runners” ^.)to creeping leafy stems. 
Its texture and appearance vary from herbaceous or fibrous (fig. 24) to 
tuberous (fig. 22); its direction is usually horizontal, though in some 
cases it is vertical (fig. 23); and ip the majority of cases it grows 
under ground. 

^ Examples of the rhizome are very munerous among herbaceous peren¬ 
nial plants, both Dicotyledons ana Monocofyiedons. The Garden-flag 
afi’orOB an example of a tuberous rhizome which may be understood by 
compsnng it with a corm like that of Arum maculatum^ and by supporang 
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that the older portions of this survive for many years, so as to form a 
creeping, more or less hranched mass. The Solomon^ Seal (%. 32), Sweet- 
flag (Aeorus), GinMr, Water-Uly, &c, afford other well-known examples. 
In some of these tcalled definite rhizomes 1 the flowers appear to be pro¬ 
duced by terminal buds, which talce an ascending direction and lose them¬ 
selves in the inflorescence, the onward growth of the stem being effected 
by moans of axillary buds. In other findefinitel rhizomes the growth 
is continuous by the formation year a&r year ot a^ter^nol leaf-bud. 
Bhizomes of more solid texture, but of anmogous construction, occur in 
many herbaceous Ferns, as in Atpidium FUix-mas/alao in most of the 
Bushbs (Juntas), niai^ Sedges, and a great variety^f herbaceous Dico¬ 
tyledons, such as the Wood-Anemonej the Primrose, Lathreea gqmin^a, 
&C. Certain widely extending creeping plants afford examffles or rhi¬ 
zomes with dovelopod intemodes, as the Sand-Sedge (fig. the wire¬ 
like rhizome of which extends for many yards under the loose sand, send¬ 
ing up leaty shooi^ at regular intervms,- the stems of Couch-grass, of 
various Mints, and other Labiate plants; as also of certain Ferns, speh a 4 
Lagtrcea TMi/i>teri», Trinhomanek gpeciomni, and of the Horsetails (JEquise- 
tum), &c. \Vhon the rhizome is erect it has much of the aspect of ^root; 

S nd the ordinary form was termed by the old writers a manmne root, the 
ccay of the lower end giving it the appearance of having l^n gnawed 
off. Examples of this are not uncommon, as in the ScMoga sucdia —^in 
various Umnelliferie, as Cicuta virona (fig. 23), where the abbreviated in- 
teiuodes form discoid chambers corre.sponding with the fistulor intemodes 
above, and in the Lady-fern (Athyrium FUix-feemina), which consequently 
rises above ground like a dwarf tree-fon. In Sparganium ramomm we 
meet with a curious alternation of condensed and elongated intemodes, so 
that the rhizomes appear to consist of a number of corms connected toge¬ 
ther by branches into an erect candelabrum-like assemblage. 

Fig. 33. 



year; chd, won of l^e flowering ifcame of frwo pre- Teittoal rhisome Cieuia elroM% 

ceding jMunk cat througli perpendicularly. 

51. The Leafy stem, or region bearing green foliaceons organs, 
grows above the soil, either in air or water, exposed to the influence 
of light.. Its form and structaro are extremdy varied, depending 
chiefly on the mode of development pf the intemodes, tee arrange- 
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mcnt of the leaves and mode of development of the bnds, and the 
extent to which its existence is prolonged The first cause regulates 
to a groat extent the form of the axis, the second the mode of rami¬ 
fication, and the third the size and consistence of the full-grown 
organ. The principal modifications may he most conveniently studied 
under the heads of—1. herbaceous, and 2. woody stems. 


Fig. 24. 



Sind-Sedge {Cam armaria), the creeping fibrona rhizomes rootini; at the nodes and 
•ending up flowering stema. 


52. lf«r6«c<otts stems are produced by annual and biennial plants, 
and in each successive flowering axis of herbaceous poronnials; to 
thcBO also %ro analogous tho yearling shoots of arborescent plants. 
Takcn'by themselves, they are either annual or biennial; that is to 
say, they, bear on tho same axis green leaves belonging either only 
to one or to tWo seasons of growth. Annual herbaceous stems alone, 
of course, occur on true annual plants: they are produced also by 
those perennial herbaceous plants which send up a flowering stem 
firom beneath the soil in spring; and with these are to be included 
most ^ants forming l^ulbs and conns. 

In ordinary annuals the plumule or terminal bud of the seed shoots up 
at once into a more or less branched flowering stem, and the entire plant 
dies away after the seeds are perfected in autumn. Examples of this 
form m&y he seen in the Poppy, the Sweet Pea, J^oniea hedereef<dia 
^fig. 12), &C. In many perennial herbaceous plants forming rhizomes, and 
in most bulbous plants, a subterraneous bud woots up in the early part of 
each season of growth, bearing green leaves, and forming a flowering stem 
(fl^. 226);^ in the autumn the whole of these structures disappear (c, el), 
wmle zesting buds (o) are formed in the-ajdla of tfie lower leaves be¬ 
neath the soil, to repeat the growth in the following season. We have 
examples of this kmd of stem in the Solomon’s Seal, Garden Pssony, 
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Aconite, Anemone, Asparngus, &c. The young fiesby shoot Enth nidi* 
mentary leaves which these plants form in early spring is sometimes 
called a turio (this is exemplified in the edible part of Asparagus^. Hie 
leafy flowering stems of bmbs and tubers, such as those of the Lily, Po¬ 
tato, Orehu, &c., furnish further examples of the annual herbaceous stem. 

53. Biennial herbaceous stems are found in true biennials and 
many herbaceous perennials. They are di8tinguished,by the lower 
part of the axis producing green leaves in one season, and the upper 
portion grow\pg into a flowering stem in thefollowlng year. Generally^ 
speaking, the intcmodcs are little developed in th<?growth of the first 
season, and the leaves are often larger as well as more (Crowded; 
they also frequently die away early in the second season. 

Examples of the biennial herbaceous stem are to be found in such 
true biennial plontsus the Turnip, the Canterbury Bell, Thistle, Parsley, 
&c. Here, when thfl seed is sown, it produces a stem with scarcely jjeve-, 
loped intei-nodes, supporting a number of leaves which form a kind of tuft 
or rosette upon the ground; this growth rcmohiB almost at rest durii^ the 
winter, and in the succeeding spring the terminal bud shoots up into a 
flowering stem. Sometinies several axillary buds also grow up into flower¬ 
ing steins, giving rise to the condition called “ radix : ’’ this may 

occur either in biennials or perennials. A siimlar kind of stem is found 
in such perennial herbaceous plants as the common Daisy, the Garden • 
Elag, the Dandelion, &c., where axillary buds are produced at the base of 
the dying flowering stem in autumn, and gi'ow up above ^ound at once 
to form lei^ tufts, lasting through the winter, and giving birth to flower¬ 
ing stems in the next season. 

54. The leafy shoots of perennial plants, with their axis and adven¬ 

titious roots, may be separated artificially, and used for propagating 
the plant (gardeners call this “ parting the roots ”); and certain plants 
are naturally multiplied in the same way, by buds or branches which* 
have received special names. Thus the herbaceous flowering stems 
of the House-leeks (/SmjicrawMjn), after flowering, produce* buds in 
the axils of their lower leaves which expand into leafy rosettes. The 
parent stem dying down, these are thrown oflF as detached plants, 
and strike root; in the fyllowing season they send up a flowering 
stalk and repeat the process, llio separating tuft termed in the 
autumn is c^ed an o^get. The Strawberry-plant in like manner 
produces, in the axils oi its leaves, buds which in the same season 
expand several of their internodcs, and form long filiform branches, 
the buds of which give rise to rosettes of loaves, and strike roat, and 
thus form independent plants; such shoots are called (fig. 25). 

In all these coses the herbaceous flowering stem isoftwo years’ 
^wth, its branching portion belonging to the autumn, the ascend-, 
ing flowering portiqn to the succeeding spring or summer. 

Special names have been given to certain forms of the herbaceous stems, 
some of which are not very definite. Bdtanists sometimes call the stem 
of Grasses a cutet ; agriculturists term bbth this and tiie stems of herba- 

c 5 
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oeous plants generally “ haulm, ” which, in its original language, is synony¬ 
mous with etdmug. NeiiherTerm is perhaps r^uisnte; but, if used, the 
term culm (ciUmus) should be applied to the unbranched stems of Grasses; 
haulm (pmdit herhacem) to all ot W herbaceous stems with well-developed 
ihtemodes. 


Fig. 25. 



StrftwlNMT^r-plsnt with mnnerm 


55. The Woody stem, characteristic of arborescent plants, presents 
itself in two principal classes of form:—one, where it is.branched, 
constituting a trunk (truMus ); the other, whore it is an nnbranched 
column,bearing its foliage as a terminal crown, forming what is called 
a stoefc (caudex). 

These differences depend upon the mode of development of the buds: 
when, as in Dicotyledonous ^es generally, axillary buds are developed 
into branches, we find a ramified trank; when the terminal bud alone 
unfolds, as in most Palms, the globular and columnar Coctocoee, and the 
Cycadaram, a simple columnar caudex is formed. 

56. The Trunk of arborescent plants arises as an herbaceous stem 
from the seed, but usually becomes more or loss woody before the 
close of tho first season; in the autumn it ceases to develope inter- 
nodes at its point, and tho terminal bud closes up into a resting 
winter-bud enclosed in loaf-scales; buds of tho same sort are pro¬ 
duced in the axils of the leaves; and all or part of them open in tho 
following sprinj|[, to produce a second generation of axes in tho form 
of shoots; the same process being indefinitely repeated, a branched 
trunk is produced. If tho centnd stem is not much elongated, and 
the lateral ramifications ore numerous, tho result is a shrubby plant 
(dummy, if the growth of the main trunk predominates for a long time, 
but ultimately slackens, and the side branches grow more, tho form 
seen in ordinary trees appears (arhor eymosa ); wlule if the growth of 
the central stem by the terminal bud is predominant throughout life, 
we hare tall straight trunks with oomparatirely small branches, such 
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as arc seen in the Lombaidj Poplar and many Pines and Firs (ar5or 
jrzstigiata). 

Besides the diveTsiiyin the relative development of terminal and lateral 
buds, a great variety of conditions occur in the mode of unfolding of the 
buds and in the destination of their products. By no means all of the 
axiUaty buds of arborescent stems come to development; and they are 
sometimes suppressed in definite order: this, and the mode of arrange¬ 
ment of the leaves which subtend them, has much influence on the general 
fomv of the ^unification. * 

Attention may here also be particularly directed tmChe defimU and 

S ' !e development of the axes. In monv trees, such as the Oa]g, the ^irch, 
0 Ash, many ifines, ^c., the terminal oud of each shoot, if hemthy, opens 
out every spiibg, and developes a new length in the same direction; so 
that, on such branches, the successive years’ growths are distinguishable 
for a more or less feonriderable time by the scars of the leaf-scams which 
enveloped the successive winter buds. When these trees floweia their 
blossom emerges from an axillai^bud. In other trees, such as the Ilorse- 
chestnut and the Lilac, the wmter bud contains a rudimentaryashoot, 
•the terminal bud of which produces an inflorescence, and consequendj 
this bud is evolved into a l^fy shoot, the g^rowth of which in lengpth u 
arrested for ever by the_ terminal blossotn, and the shoots of the succeeding 
year must arise from axillary buds at its sides. The branching of such trees 
presents a peculiarly bifurcated appearance. The same condition is produced' 
in iind(finitf. trees wnen the terminal buds of their ^oots are killed by frosta 
The originally cylindrical form of trunks often imdergoes considerable 
alteration with age, depending upon ™ gj, 

peculiar modes of development of ^ 

the woody structure within. Irre¬ 
gular prominences occur commonly 
on such old timlxir-trees os have 
large hronche^ greater enlargement 
taking place in the line between 
the base of the branches and the 
roots; this is often seen on old 
Oaks. Some tropical trees produce 
vast buttress-like projections in the 
same way. The forms of the trunk 
of the woody dimbing flouts of 
tropical forests present very remark¬ 
able irregulantics, arising either 
from a twining habit, or from ir¬ 
regular development caused from 
lateral pressure or otherwise. In 
some kinds of Bombax (fig. 26), 
and in Ddabediea (BombaceaB),the 
trunk is swollen out in the wape 
of a great flask between the root 

and the main blanches. Xnmk of a BruOisn B<miax. 

57. !rhe Stoek or eaudex is an undivided woo^ trunk, pro¬ 
duced by tho annual unfolding Af a single terminal bud- Its 
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ternodeB are commonljlittlo dcvolopod, bo that its sides arc marked 
ith the soars of its fallen leaves; sometimes, however, the intemodes 
*6 developed, and then the stock has a jointed appearanee, from scars 
.* actual articulations at the nodes. The stocks of the Cactaccse are 
imarkable for their form and consistence; their lateral buds are 
jveloped into tufts of spines, which are the representatives of the 
aves of undoT^clopod branches. 

The stock of the PaJnis exhibits considerable variety of form. In the 
i>coanut- (Cbcog) nn(i Pate-palms the intemodes are scarcePy'- developed, 
id the scars of the leaf-stalks, arranored in spiral order, cover the sides; 
:e salne holds good of the stock of Q/ra» and its allies, of XtHttharrhaa, 
'ingia, and other arborescent Monocotyledons, and also of the stock of the 
•ee ferns (fig. 20). In other cases an intemoile is more or less deve- 
ped between each leaf, and the stem is smooth, bu^ marked bv a suc- 
ssion^of scars running nearly round the stem, as in M mritia and Astro- 
ryum vti/garv; in Geonotna'and Chamadorea the intemodes are deve- 
ped and the nodes thickened, so as to appear exteniallv somewhat like 
ose of the stems of Grasses, but they are not reallv articulated nor hoi- ^ 
w like the latter. The eaudex of the Palms furnishing the common Cane' 
'Halumm') is chiefly distinguished* izom the lost by the slenderness and 


Fig. 27. 



Fig. 27. Palm-trco (.Artca) with nnbnnahed osnilex. . 

Fig. 2S. Braauhvd trunk in the Bourn Palm iSypianu thebaioa'), 

drome len^ of the intemodes. Many of these Palm-stocks, which are 
inple in mdr piinmpal mass, sdnd out axillary buds at or below th« 


IHB STEK, 


37 


ground, which form runners, and ultimately pp independently of the 
parent The aerial stocks of a few branch high atove the ground, as in 
the i)oum-palm (fig. 28), and in Pandanm (ng. where the te^nal 
bud appears to undergo successive bifurcations, m>t really sends off at 
intervals single axillary buds, the development of which soon equals that 
of the parent axis, and causes the deflection of the latter so as to give 
a forkea appearance. A similar mode of growth is obsoiyed in certain 
llmmodoraceiB (arborescent Monocotyledons, natives of S. America), also 
in the Liliaceous genus Yucca. The stocks of some of the Cactacem are 
un^vMcd, as 4n Meluca<Am (fig. SI), ISchinocactug, ajd MamiUaria, &c. 
but in others a few branches arise, giving a compound character, as in 
various species of Cerem (fig. 82), and in the leaf-like stalks Of OpSutia 
(fig. ^). Analogous structui-es occur in foreign species of Euphorbia. 
The Elephant's-foot plant ( Tamils elepAanitm's) possesses an extraordinary 
stock, consisting of a larj^ and solid woody mass of rugged appearance 
and perennial grow^, from which slender annual climbing stems |ri8e,^ 
dying down again each season, while the stock slowly increases in size. 


Fig. 29. 



Fig. as. An arix-iciOent Fern with onbrsnohed isadex. Fig. 81. Stem of JlfeUmehu. 
Fig. :t'i. Stem of PimnCia. Fig.^'H. Stem of Ctmu. 

58. In the description of steins generally, certain technical terms 
are in use, in addition to those above explained. Tllese refer prin¬ 
cipally to—a. CAmsistenee ; b. direction and habit of growth j c.form ; 
d. condition of surface ; e. ramification ; and f. dimensions. 

a. The ternw herbaceous (lierbaeeus) and woody (Ugnosus) need no 
further definition. Some stems are fleshy or succulent (carnosus) as 
in Cactus, Sm. Most stems are solid (solidus); those of the majority 
of Grasses and the tlmbelliforiB (Carrot, Celery, &o.), and the Horse¬ 
tails (Equisetum) are hollow or tubular (fistubrns), 

b. Stems may be truly erect (strictwi), flexuovts (flesnusus), or nod- 
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ding {nutans), which in trees becomes overhanging {cemuus). Stems 
which turn upwards from a horizontal base arc called ascending 
(aseendens) ; those'ljdng along 


the ground without rooting 
are procumbent or prostrate 
{deeumbens, prommhens, hu- 
mt/usus) (fig. 83); if a pro¬ 
strate stem roots at its nodes, 
It becomes creepinvi (repens). 
Sleqdcr stems neither lying 
on the gpround nor creeping 
may be pendent (pendutvs) 


Fig. 8.3. 



Procombent atein <)f Thyme. 


when gprowing on rocks &c., and floating (fluitans) when growing 
in water. Weak stems also rise from the groun^ as climbing (scan- 
dens) or twining (volubUis) stems. 


Climbing stems support themselves in various ways :—the Ivy by fafts 
of adventitious roots, which attach themselves lirriily to foreign Imies; 
me climbing species of Clemalu, the Canary-creeper (Tropeeolmn prre- 
grimm) bv aooMng their leaf-sth^ round the support; other plants by 
fjsdiilSt as the Vine, Feas, OucurDitacete, &c. 

I wmng stems coil themselves spirally round the supporting body, 
turning sometimes in one direction, sometimes in the other, as in the 
.Hop, Convolvulus, Cmcuta, &c. Some of the tropical twiners produce 
woody trunks resembling laigo cables. 

e. The principal characters of form are designated by terms re¬ 
quiring no explanation, such as eylindrietd or terete, conical, columnar, 
&x, if a stem presents thickenings opposite the origin of the leaves 
(nodes), it is c^cd jointed (artieulatus) or Temtted (nodosus) ; the 
reverse edndition, when there are constrictions at intervals, is also, 
with more propriety, called jointed (ariieulatm). Other terms refer 
to the 8hape> as displayed in a 

cross section of the stem. A Fig. 34. Fig. 35. Kg. 36. 


stem is round (teres) when it pre¬ 
sents a circular section; com¬ 
pressed (eompressus) when the 
section is elliptical; angular 
when' the soetjon is polygonal, 
under which head are distin¬ 
guished, in a three-angled stem 
for example, triquetrous if the 
three angles are sharp (fig. 84), triangular if they are about right 
angles, and trigonous when the angles are obtuse or rounded off. 
When the surface presents a groat number of longitudinal ridges, it 
is called ribbed (fig. 36); numerotu longitudind grooves render it 
furrowed (sulcatus). In some cases the projecting angles of stems 
are winded (edatus), as in mahy Thistles; in other cases the stem or 


¥ § 6 

1^. 84, A triqaetrom stem. 

85. A quadriUteral or ■qoan stem. 
Tig. A ribbed stem* 
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branch is flattened so as to resemble a leaf, in which case the term 
eladode is applied. 

d. The surface of a stem may bo smooth (Icsvis) m striate (striatus), 
i. e. marked with fine grooves and ridges. It may be devoid of epi¬ 
dermal appendages or glabrous (jglaher'), or furnished with a moro 
or less dense coq^t of hairs (pilostts, hirmtus, lanatus, &c.), or it may 
bo set with brisUes (seiosus), glandular or otherwise, or with thorns 
(spinosus). 

Similar toifas are still more commonly applied t(wtbe surfaces of leaves, 
under which head they will be more minutdy defined. 

e. A stem cither simple or branched; if the ramification is ex¬ 
cessive, it is called mte^-branehed {ramosissimus). The branches 
may he erect, spreading {patens), outstretched (divarieatus, patentis- 
simits), dRecced {(\/latnis), or pendulous ( pendulvs). These qqjfiitiei 
especially afiect the crown of trees, which is sometimes called 
their cyme. 

• /. Different terms are applied to plants with woody stems, ac¬ 
cording to their division and mode, of branching. A tree {cadjor) 
is a plant with a woody trunk and branched head, above 25 feet in 
height. A smdn tree (arbuscuhts) is a similar plant, which never, 
rises above 25 feet in height. A shrub { frutex) is a kind of dwarf 
tree, where the main trunk is little developed, and the whole neviy 
attains a height of more than 15 feet. Under-shrtd> {frutievdtis) is 
the diminutive of this, applied to kinds which do not exceed 3 feet 
in height. A hush (dumus) is a kind of shrub where the principal 
axis is not readily distinguishable, the lateral branches being deve- 
lojKid very freely close to the ground, so as to hide the mun stem. 

Sect. 4. Tan Leaf. 

59. Leaves are the lateral organs attached to the ascending por¬ 
tion of the axis, and in general are flat, expanded plates, produced 
directly &om the superficpal part of the stem, and from which, after 
a certmn teim of existence, they are removed, either by breaking off 
at a distinct joint, or by decay. 

In some cases, as in Cactus (figs. 30-53), the true leaves are 'absent, 
their office beinijr filled by |he green rind of the stem. Normal leaves, 
bblonguig to the vegetative system, are alone takm inlo account in this 
chapter; the modified foliar organs compoting flowers must be treated 
separately. 

60. The loaves arise from and mark the nodes (§ 44) of the stem; 
and it has been already stated tiiat it is at the nodes, in the axils 
of leaves (§ 43), that kteral or axillary bu^^ are as a general rule 
produced. Prom this it follows that arrangement of the leaves 
must be of great importance, not onljr in reference to thar own re- 
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lative portions, but as. determining more or less completely tbc plans 
of ramification of stems. It is found that the modes of arrangement of 
leaves are in accordance with certain general laws; and a particular 


Btudy of these laws has been pursued, under the name of PHrLLOiAXT. 

61. Leaves exhibit two principal types of arrangement: either 
they are solitary, one only „ 


Fig. 38. 


occurring at a Uode or ^ • 

two or more spring from 

the stem at the. same ]ffl .<7 

levc^, WJien the leaves 

stand alone, they are said > i 1 

to be alternate or $cattered 
(fig. SV); where two stand 
at the same level, facing ^ 

one another, they are called I 

(fig. 38); and if 

more than two originate I 

from one node, forming a 

circle, the leaves are called Di«c™m of tho armng..in..nt of alUTuato di»ti- 

_ , , . .11 chouBU'arcs. 


ohoried^otverticiUa^ 
Hcry rarely two leaves ap- 


F%. 38. Bia^m of the arranf'ement of decussate oppo- 
aSe and tetrastichous leaves. 


splacement and partial 


Keally whorled leaves are not so common as is sometimes imagined, 
the whorled condition being imitated in some cases, as in many Stel- 
latas, by an excessive development of interfoliar stipules; truly whorled 
leaves,are seen in Paris and MyriophyUum. Kepresentatives of the two 
principal types are found in the embryo of Monocotjdedons and_ Dicoty¬ 
ledons—^the former having a solitary cotyledon, the latter having two, 
placed the one'opposite to the other (fig. 2); but this opposite arrange¬ 
ment of the cotyledons is not always associated 'with a like disposition of 
the true leaves. 


62. Alternate leaves exhibit many modifications of arrangement. 
Sometimes they arc truly alternate; that is, the second leaf is exactly 
on the opposite side 6f the stem from the first, and the third exactly 
over the first;.a series of loaves arranged in this way form two 
perpendicular rows. Snch leaves are termed dis^Jious or two-ranked 
(fig. 37); examples of which are found in tbie Grasses. 

If the second leaf is not opposite to the first, but at a point dis¬ 
tant from it one-third of the circumference of the stem, and the 
third leaf one-third fhrthor round, the* fourth leaf, likewise distant 
one-third from the preceding, will stand over the first. Leaves so 
arranged form three perpendicular rows, constituting the 
or three-ramked arrangement, which is common among the !Miono- 
cotyledons (fig. 89). 
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63. Now, when a line is drawn round.ihe stem so os to pass 
regularly from leaf to leaf, wo find that its course is spiral. In the 
dintiehom case the spiral line commencing at any given leaf com¬ 
pletes one circuit and commences a new one at the third leaf; in 
the tristioliom arrangement the spiral completes one circuit and 
commences a new one with the fourth leaf (fig. 39). The series of 
leaves indudod by the spiral hue in passing from the first leaf to 
that which stands directly above it is called a cfiielt fng. 401; the 
fractioji of the circumference of the stem, which measures the distance 
bet ween any two succeeding leaves in a cycle, is ^rmed the giiqrular ' 
divergence, which in the distichous case is one-half (|), iji thcj:,n- 
stichous one-tl)ird (^). These fractions not only represent the an¬ 
gular divergerico, but also the entire character of the arrangement; 
for tho numerator, as is seen, indicates the number of turns of the 
spiral forming a cyilo, while the denominator expresses the nui^^ber, 
of leaves in that cyde. 

In the netitastichoiis. quinmndal, or jftve-ranked arrangement of 
lauves the conditions are more complex. The sixth leaf of course 
stands over the first (figs. 41 & 42),, commendng a second cyde; 
but the spiral lino passing through the first five leaves makes two 

Fig. 40. 



Fig. SB. pKijrction of ths | urangnnent. 

Fig. 40. Hnricontul projoob'on of a oyole of the i amngemesL 
Fig. 4L Frqeotion of the J arrangement. 

Fig. 43. Horiaontal pnqeotion of a ojole the § arrangement 

dreuits round the stem; moreover tho suocessive leaves stand at a 
distance from each other of two-fifths of the circumference of the 
stem; and therefore the expression of^the angular diveigcnce,|, in- 
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dicates also the number of turns round the stem in the c^clo, and 
the number of leaves in the cycle, os before. 

The relations here existing are found to hold good when further 
carried out. The next degree of complexity of the arrangement is 
where eight peipendicular rows of leaves exist, and the ninth leaf is 
over the first. In this case the spiral takes three turns in completing 
the <^cic; apd the expression |, denoting the turns of tho spiral and 
the number of leaves in a cycle, also corresponds to tho angular di¬ 
vergence of tho successive leaves. 

When we placeti^he foregoing figures together, thus: f, f, it 

will be observed that each fraction has its numerator composed of 
the sum of the numerators of the two preceding finctions, and its 
denominator of the sum of the two preceding denominators; and it 
is really found that all higher complications, in. normal conditions 
of s^ms, exhibit some further indication of the bamo ratio, and ore 
marked successively by &c. 


Tke simpler forms of arrangement are the most common; those marked 
by higher firactions ore chiefiy found in plants with the leaves much 
crowded, os in the House-leek and its allies. The scales of the cones of 
Pines and Firs oiler most beautiful examples of these spiral arrange¬ 
ments. The following examples may be mentioned for observation 

Plan -J. Leaves of Grasses, Jm, Gla- _ 

diolue, Hm, Lime, &c. ^ 

Plan J. Leaves of Sed^s ( Carex, Scir- 
pu^, Orebids, Tulip, Alder, Birch, &c. 

Plan f. Leaves of Apple, Cherry, 

P(mlar, Uak, Walnut, &c. 

Plan f. Leaves of Flax, Hoad-weed 
(Itantaffo) (fig. 43), Holly, Aconite, &c. 

Plyi iV- Lyes (buds) of Potato-tubers, 
cones of JPmus Slrobm (fig, 44). 

Plan -A. Cones of Lwm (L, etirqpeea), 

FinmJNeea. 

When the leaves are very numerous 
.and much crowded, it is often difficult to 
trace the fundamental ipiral, as the ver- aawtte of lemi of Ftantago mtdia, 
tical ranks are not evident. In these seen from obore; the isoTct on the 
cases the anangemei^t is ascertained by * 

atadymg the secondary spirals which appear. These are more or less 
numerous, aocovding as the fractional expresmon of the fundamental 
spiral is higher. 

For* example, in examining the cone of the White I^e, a complex 
spiral arrangement is at once recognized, which will be understoou by 
reference to tire adjoining diagram (fig. 44). Starting from the lowest 


Bofette cX lesvei of ^antago tMtUa, 
seen from dbore; tbe leoTet on tiie 

|tn»- 


scale, as 1, and triunng up a flat spiral tine to the l^ hand (fig. 44 b-b), 
we find that it will leave untouched a nmilarspiraf series, running in the 
same direction, between its turns; these two spuals'together will mclude 
all the scales of the cone; and if we number the succeasiTe scales of the 
first spiral 1^ 3,6, 7, See., always,with a difierence of 2, and then those of 
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the second spiral 2, 4, 6, 8,10, &e., 'we define our first two secondary 
spirals. Next we sh w find, that by passing through 1,4,7,10 (fig. 44 e-e), 
&C., we mark a spiral running to the right hand, more oblique than the 
first two, and we find that there ore two other spirals rarallel to this 
right-hand spiral, running through 3, 6, 9,12, &c., and 2,6, 8,11, &p., 
making three of theso right-hand spirals, whose scales ha^e numbera in¬ 
creasing by three at each step. Next, turning to the left again, we find a 

Fig. 44. 



Con* of Fituu Strobiu, with Oie soalei ia tho amagemeBt. 
still steeper ^iral ascending from 1 through 6,11,16 (fig. 44 
the numbera in the scale having a common di%rence of 6, while five of 
these spirals are found Ijdng parallel, viz. running through 2,7,12, &&, 
3,8,13, &c., 4, 0,14, &C, and 6,10,16, &c. Fourthly, we take another 
spiral line to the right, through 1,9, 17, S6 (fig. 44 e-e), and we find eight 
spirals of this order, the other seven beiqg numbered respectively 2,10,18, 
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&c., 3,11,19, &c., 4,12,20, &c., 5,13,21, &c., G, 14,22, &c., 7,15,23, &e., 
and 8,16,24, &c. If we attempt to find another epiral between the right- 
hand, 1,9,17, &c., and the last left-hand one, 1, 6 , ] J, d;c., we find that 
we go from 1 to 14, and this stands directly over 1 (fig. 44 a-a). It 
therefore completes the fundamental spiral of the whole arrangement: 
the difference between it and 1 (13) gives the denominator of the fraction 
expressing the arrangement; and, as has been shown above, the regular 
numerator of ,}hi 8 number is 6 , making And in this case we shall 
find that a line passing regularly through 1 , 2 ,3,4, &c., to the left-hand, 
will make five turns round the cone foore it terminates at 14, imme- 
'diately over 1 . 

The fraction expressing the fundamental spiral in this case, might 
also iDe deduced irom the number of parallel secondary spirals. Taking 
the orders of secondary spirals nearest to the vertical line, on each ride, 
right and left, the number of parallel spirals of the lower order of these 
two will give the numerator; and this number, added to the number t 
jpora^el spirals of the higher order, will give the dei4>minator. Thus, in 
our example, the two highest orders an; those runnin,. to the left through 
1, 6 ,11, &c., and to the right through 1,9,17, &c. There are l> paralu 
spiitAs of the 1 , 6,11 order, which gives the numerator, and 8 of the 
order 1,9,17, &c.; and S+d^ves 13, = 13 . 

64. T]|^perpendicular distdnee between the points of origin of 
BUCcessivoMMves is dependent simply on the degree of dcvelopmen 
of the intlmodes of the stem. These may be so short that, as in 
the common Stone-crop (Sedum acre), Araucaria imhricata, &c. the 
leaves overlap more or less along the developed axis; such leaves are 
termed imbricate ; and this condition is very common in the loaf- 
scale fomsof the leaf. A great number of well-developed leaves are 
often crowded together by the non-devdopmont of intemodes at the 
base of the flowering stems of perennial herbs, such as the various 
< 8 axi£^ige 83 theTamip,l)andolion,&c.; and where 
these so-called “radical” leaves are arranged 
with sonfe regularity, and spread out hoiizont^y 
as in the House-leeks, they are said to be rosulate 
(fig. 43). 

A somewhat similar condition occurs upon 
branches of some trees, on which a number of 
leaves appear to spripg from one point, as in the 
Larch (fig. 45) and the Berberry; the collections 
of fasdeulate le'aves really belong to a branch 
the intemodes of which are not developed, so 
that they all spring at once from the leaf-axil 
in which the branch-bud was formed. 

la other Conifers, the number of leaves in these bundles is smaller, and 
very regular and characteristic; e.^., in Finut mheriru two leaves are 
Aus associated, in Jf*. Cembra three, in P. Strobue nve^ &c. In those buds 
ef the Larch which afterwards unfold into shoots, the transition from a 
fucieUUUe into a regular spiral arrangement becomes evident. 


Fig. 45. 



FMoioalate leftTet of 
tile Xmroh» 
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65. Opposite and whorled leaves likewise exhibit great regiilarity. 
The number of leaves in a whorl is here also sometimes expressed by 
a fractinn, which is enclosed in a parenthesis; the denominator in 
this case indicates the number of leaves in one drcle. 

Examples of these in true leaves are furnished by the following plants. 

fJ) plan (opposite leaves). Pinks, Labiatm. 

(J) „ jAfsimachia vtilgpris, Myriea Gale, Trillium^ 

(J) „ Pari* quadrifidia. 

({) „ MyriophyUtim pectinal,um. 

Sometimes thE numbem vary on ditferent parts of (]}e some stem, as in' 
Hippuris. 

6b. When ^paves are opposite, the pairs are 
mostly alternate; that is, they cross at right an¬ 
gles, tlie third pair standing over the first. Such 
leaves are called deisifsate (fig. 46). With whorls 
of three leu,ves, again, wo usually find a similar 
altcruation ; the leaves of the second whorl stand 
•. the intervals betweeu those of the first, the 
Ico^'es of the third whoi. standing over the 
leaves of the first. .1 n each of these cases, there¬ 
for-. . we have a kind of cycle; and other cases 
occur i. which the cycles are not completed by 
whorls, hut the leaves of the 3rd, 5th, 8th, 
u whorl, &c. stand directly over those of the 
jr... This shows the existence of a spiral plan 
analogous to that rcsgulating the arrangemert of 
alternate leaves, with tht same numerical ratios; and theso many- 
whorlcd cycles exhibit secondary spirals analogous to those of the 
higher plans of the altemate leaves. In many fossil plante tha pairs' 
of leaves do not alternate, but are nlac^ directiv one over the other. 

It is evident that if the intemodes between the component leaves 
of any individual spiral cycle were undeveloped, while those betweeu 
successive cycles were lengthened, a verticillate arrangement would result. 
In certain plants (for exai^le, the Myrtle, the Antirrhinum) alternate 
and opposite leaves oyur on the same stem. This is the case also in those 
•Uicotyledons where the true leaves sneering tlm opposite cotyledons 
are altemate, as in the Scarlet Bean, Mustard, &c. The arrongeipcut of 
the leaves in the manner above indicated is to a great extent connected 
with the disposition of the fibre-vascular bundles of the stem. It should, 
however, be stated that the arr^gement of the leaves on fee steA is not 
always the same as that dh'the biunehes. . - 

67. Certain terms are in common use in descriptiye works to 
indicate the absolute position of leaves upon the stem. The name 
r adiml leaves is applied to those, usually of larger size than the rest, 
which are often found collected at the base of flowering stems of 
herbaceous plants, such as the Dandelion, Lettuce, Tamip, Plantaga 


F%. 46. 



Disgram of decoNSiiting 
pain 





46 


HOBFaOLOaX, OB COHPAlLillTE AKAIOHT. 


(fig, 10), & 0 . The ordinary leaves of the stem are sometimes distin¬ 
guished as catdine or item-leaves, while the term ramal is occasion- 
itlly used for tiiose on the shoots of trees and shrubs when these 
present spedal characters. 

The leaves belonging to the inflorescence are called bracts. Their 
phyllotaxy agrees with that of the stem-leaves. 

68. The paintiWhere a leaf springs from the stem is commonly 
called the insertio n. Leaves are either articulated there, separating 
^hen dead by a disliictly characterized line of fracture, or they merely 
wither down, and Lave their buses as a ragged covering to the stem •, 
ILo latter'condition occurs mostly in loaves with sheathing bases. 

69. A perfect leaf is divisible into two regions (fig.^T)—the hlaih 
ir lamina (h), and the leaf-stalk or petiole (c); the latter, when pre- 
ient, may bo more or'leM completely represented by a sheath or 
lamna (a), partly or wholly embracing the sSem from whicli il 
rises. At the base of the petiole often occur distinct leaf-like ap- 
lend'agcs, called stipules. All parts of the leaf—^bladc, stalk, and 
tipules—are muct subject to modification, and may even exist in th*e 
arms of tendrils, spines, pitcherdike organs, &c., very unlike regular 
saves. These metamorphosed leaves, or parts of leaves, are best 
roated of separately. 


Kg. 47. Kg. 48. 



Diignunrftiiengioiuofaleaf: A stalked Inf. 

a, uieath; 6, blade; 0 , ataUc. 

The stalk-like petiole (fig. 48), most common in Dicotyledon^ always 
38 the base slightly widened out at its point of emergence ^m the 
em; in the leaves of Palms, the l^ana, ScitamineeB, &c., the base is 
ipanded so as to embrace the stem, while in the Gbas^ the petiole is 
itirelywpi^nted by a sheath (fig. 62). 3he green part of the leaves 
! the Hyacinth and other bulbow plants is the blade, and will be found 
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continuous below with a colourless, fleshy, petiolar portion, forming one 
of the " coats ” or sheaths of the btub (fig. 16). 

70. The leaf ifiay, however, be represented by one only of the 
r(%ions. It is very common to find leaves without distinct petioles, 
the blade springing directly from the stem; such leaves are called 
semis (fiigr 49). On the o&er hand, the petiolar region may exist 
without the blade; and among the cases of this sort a ^nsiderable 
variety of conditions is met with. Petiolar stmcfiirea. devoid of 
lamina), and more or less reduced to sSles or membi^onB ^li^tlis. 
arc commonly^ Toiind on subterraneous stem-siaaictiires, such as 
bulbs, rhizomes, &c., whence we have denominated this patt of |he 
stem the “ leaf-|calo region ” (§ 45). Similar scales appear in place 
of green leaves in the “ true-leaf ” region of various parasitic plants, 
such as Orobandie, in which the leaves have no physiological function 
to perform: and they recur periodically on the stems of arborosqpnt 
plants which form wmter-buds, in the shape of bud-scales. In the 
truc-leaf region the blade is either supported on a Btalk-like*or 
siis'athing petiole, or is sessile. The ses^e condition is generally 
more common toward the upper part pf stems and shoots; and in 
the bracts or leaves belonging to the inflorescence the petiolar region 
is comparatively seldom developed. The first leaf ( Vorblatt of the 
Germtins) on a branch in many Monocotyledons, and in some Dicoty¬ 
ledons, is of a different form from the rest. 

71. In some families the true-loaf region is clothed with petioles 
expanded into the form of lamina;; these are called phyllo^ (figs. 
50 & 51), and in such cases ttie true laminar region is often partiaUy 
or entirely suppressed. 


Pig. 60, Kg. §]. 



_^e tranution from’the petiolar leaf-scale organs into perfect leaves 
^th sheading petioles may be observed not onfr in bulbs, but in many 
Glasses with creeping sterru, which exhibit at tne junction of the leaf- 
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scale and trne-leaf rofirions, sh'eatlia surmounted by short green lancet- 
shaped laminag, increasing in length in successive leaves. 

72. When the petiole appears as a distinct leaf-stalk, it is often 
accompanied by a pair of more or less distinct foliacoous appendages 
at its base, called atipides. When these exist, the leaf is called sti¬ 
pulate (fig. 56); when they arc absent, exstipulafe. 

The presence or absence of stipules is often a very regular character of 
Natural Orders.' The various forms of stipulate petioles form a kind of 
transition to the petioles with sheathing bases. 

73. The petioh is usually of semicylindrical form, with the flat 
BUffaco above; not unfrequently tho upper surfaee is channelled 
{canaliculate), giving a more or loss crescentic Bqetion; in a few 
instances, especially in the Aspen, it is laterally compressed. Where 
it is round or cylindrical its structure is like that of a branch. 

The stalk-like petiole is cither ginv^ whcj» it supports a single 
blade, or it is branched or eomvound. when the blade is composed 
of,a number of distinct leaflets; the branches are sometimes called 
yartial netioles. and may even be articulated at their ixiinta of origin 
from the primary petiole. , 

Compound petioles supporting the leaflets of compound leaves are 
known from branches by arising independently from the stem, by having 
buds in their axils, and by the absence of any indication of a lem imme¬ 
diately beneath them. 

74. The flattened or leaf-like petiole, called a phyTlode, resembles 
>a lamina, but is known by standing edgewise on tho stem—that is, 
with its flat faces parallel with the direction of the stem ; in some 
casea phjfllodes exist without true lamina), in others the lamiinc are 
more or less developed at the summit (fig. 51). 


Fig. 64. Fig. 65., 



Fi((. ffS. Leaf'Sheath of a Gtmi, with aa eatin liaula. 
Fig. £ 3 . Leaf-sheath of h GraiiB, with » bifld 
Fig. 64. Leaf-aheath of 

Fig* 66. Bheathii^|^Meofthe|;M^ole<tf.slii|gaKoa« 
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Striking examples of phyllodia -with or -without laminse are furnished by 
yarious species of ^cae»a (ligs. 60 & 90), in many of which the blade u 
present, compound and bipinnate. 

75. The sheathing portion or varfina is the only portion of the 
l>etiole which is devuloped in certuiu plants, os in the Grasses and 
SedguB (figs. 52-54), in which it forms a complete sheath to the stem, 
and passes at once into the blade at the top: this sheath is merely 
rolled round tho stem in the Grasses; but its nutrgins arc confluent, 
so as t 9 form a tube, in the Sedges. Tho vaginal" petiolar region is 
more or less distinctly evident in many Monoo^tyledonotis leaves 
which at first sight appear to be sessile, as in the Tulip, Hyacinth, 
&c.; and it is generally more or less developed at the base where a 
distinct leuf-stulk exists in this class, os in the Palms and, above aU, 
in tho Musaccsc. In many Dicotyledons ako tho base of the stalk- 
like petiole is enlaigpd into a sheath, as in Umbellifers (fig. 5o)» 

76. Sometimes the stalk-liko petiole is mnaed (aJate), as when a 
narrow plate of tho blade structure springs irom its margins; in cer¬ 
tain cases these wings are deeurrent down (or, rather, are continuous 
-with the sides of) the stem from whieh the leaf arises, os in many 
Thistles, Verbasomn, d'C., producing a tuinged or alate stem. 

77. The petiole is ordinarily more or less distinctly jointed to tho 
stem; and when the leaf falls, it leaves a more or less extensive well- 
defined scar upon the stem, called the dcatrix ; in woody Dicoty¬ 
ledons there is generally a little protiiboranco under the cicatrix, 
which is termed tho vidvini^. Dj Monocotyledons the eioati-ix is 
usually very broad, from the tasc of the petiole embracing the stem 
■widely. In some cases the petiole is not regularly disarticulated, but 
withers down; but then tho decay generally terminates at a defcite 
iwint a little above the base, leaving a portion of tho latter in* the 
form of a scale-like or tooth-like process projecting from tho stem. 

Tooth-like processes left by the decay of the petioles may be seen on 
the midcr^und stem of the common Primrose &c., and on me trunks of 
certain Palms. 
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rated from each other (mnnate '\ : thus in the Plane tree and in Astra- 
gcdtu they are united’ by tte outer margins (turned away from the 
petiole) 80 an to form a kind of leaflet on the opposite side of the 
stem (intrapetMlar ); in Potamogeton they are united by their inner 
marginTovSTEepetiole, so as to form a compound stipule; 

in the Polygonace® they are not only united on this side, but also 
by their outer n^argins on the other side of the stem, thus forming 
a short tubular sheath round the latter, called an ocrea (fig. 58). 
All the above cases relate to stipules of single loaves; fcut simile 
coherence or lack of disunion occurs in the stiptdes of opposite leaves. 

Fig. 67. 

Pig. 68. 


Compoond (pinnate) l<Af of tin; Rose, Oaea of Poh/ffonum. 

with adnate atipulca. 

where it is not uncommon to find the two stipules which stand be¬ 
tween the loaves, at back and ih)nt, more or loss confluent into a 
single leaf-liko or scale-like body (interyetiohr stitmle) , so as to form 
a kind* of whorl with the true leaves. 

This interpetiolar confluence of the stipules is very characteristic of the 
Order Ruhiaceee; and the apparent whom of the S^UateB (G<dium, &c.) 
o^n exhibit a confluence of the highly developed leaf-like stipules. 

79. At the summit of the sheath of the loaf of Grasses exists a 
litGo membranoustscale, connecting the blade with the epidermis of 
the stem; it is either entire or forked at the top (figs. 52 & 53); this 
structure, called the lu/vle, is a mere excrescence from the st^. 

_^(J 

The stipules of ^me plants fall oS at an early period. This is the case 
with the interpetiolar stipules of various Bubiaceous plants. It also 
occurs commoi^ when the stipules ^arm envelopes of the leaf-buds, as in 
Magnoliacee, Fiau ekutica, the BeeCh tree, &c. 

80. Small secondary stipules exist at the base of the partial pe¬ 
tioles of some compound loaves, especially of Leguminosss {Desmo- 
iitm ); they are c^ed stinds {gtipdlai). 
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81. For convenienco of description the stipule has been here 
treated as if it were uniformly of the same nature, varying only in 
form, position, &c. In point of fact, however, the morphological 
nature of the stipules varies in different plants: sometunes they re¬ 
present mere excrescences from the petiole; at other times they con¬ 
sist of the lower leaflets of a compound leaf {Lathynu), or they may 
be leaves formed on a contracted and rudimentary axillary branch. 

82. The lamina or Uade (fig. 47 h) of the leaf constitutes the most 
important pa^ of the structure, and exhibits the greatest variety in 
its forms, which latter require to be studied in detail, as they often 
furnish thq principal characters for the discrimination of^pecies of 
Flowering Flaflts and Ferns. It is ordinarily a flat plate, possess¬ 
ing an xmver and lower surface, turned respectively towards the sky 
and the earth, twomanju^ aha^ and a summit . 

In plants of succulent habit the' thickness of the leaves is often so ^eat* 
that tho sides are as broad as the surfaces, or they are more or less 
confounded in a cj/lindrical, prismatic, or some similar form (Metembrfan- 
tkmmm) ; and similar external forms are presented by the cylindricu or 
flattened flstular leaves of the Onion &c., 

83. If the blade stands alone upon an undivided petiole, or is ses- 
silcf on the stem, it is called sinivle (fig. 48). Where the petiole is 
branched, and bears more than one distinct blade, the leaf is com¬ 
pound (fig. 57), and its separate blades are called Uafiett . Both simple* 
leaves and leaflets may bo entira —that is, the blaSemay be undivided 
at its margins; or it may' be' more or less deeply incased or lobed. 

84. The general form of simple and compound leaves, and tho 
character of tho subdivisions of the blade of simple leaves and of 
leaflets, are associated with tho plan of arrangement of tho skdeton 
of the leaf. The solid framework of leaves is com];>osed of woody 
structures which when large are usually termed (costa), the 
small divisions being called indififerentlY tierves or vans. ITie plan 
of arrangement of the framework is called the uamfaW ; the ordinary 
custom is to call tho principal ribs nerves, and the smedler branches 
veins. When a distinct principal rib, continuous with tho petiole, 
exists, it is called the midrib. 

The superabundance of terms is an inconvenience here as in many- 
other departments of Botany. Where it is necessary* to select, it is 
^visable to choose those teiins which are least objectionable ss not 
involving hypothetical notions of function $ but the term nerve may be 
regarded as figurative. 

86. The modes of nervature of leaves may be classed under four 
principal heads:— 

1. Straight- oT.vt^M-nervtd ( folia naraUelinervia'S. when (with 
or without a midrib) the principal ribs run in more or less pa¬ 
rallel lines from the base to the summit (fig. 69). 

d2 
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2. Curvinerved (/, ctirvimniia), when the principal ribs run in 
curves from the base to the sxunmit (fig. 60), or from the mid¬ 
rib to the margin (fig. 61)—diflering little ^m the foregoing, 
but occurring in broader leaves. 

3. Palmimrved (/. palmimrvia), when the prinmpal ribs radiate 
from a point at the base of the leaf (fig. 62). 

4. Pennimrved {f.jTenninervia), when the strong midrib gives off 
the sido-ribs at a more or less acute angle, like the blades on the 
shaft ojf a feather (figs. 61 & 63). 

The term (<r»/>/M<emVr) is sometimes used for a modifica¬ 

tion of No. 4, approaching to No. 3, when the midrib gives off on each 
side near the base a stiong side-rib, which runs up wivhiu the margin 
towards the summit. Peather-ribhed (ptn/dtierved) and hmid-rihhnl (jxd- 
minerved) leaves are most common among the llieotyledons, but they 
^ occur also in mai^ Monocotyledons,—^the former, for example, in moat 
Palms, Musacete, ^ngiberacese (fig. 61), &c.; the latter in the Fnn-palni, 
Smilaceae and Uioscoreaeea;, &c., where there is a transition to the cun ed- 

Fig.m. 



Fig. 69. A paiAUel-nerved leaf. 

Fig. 60. A ourviuerred leaf of Olorio9a mpfrbat tormiaating in a tendril. 
Fig. 61V A penninerved leaf of CSetnMO, witn ourv^ aeoondary nerves. 


ribbed, condition (fig. 60), which, with tiie straigM-rdibed (fig. 69), is most 
common in the Monocotyledons. Straight-rd^d loaves occur not unfre- 
quentiy in Dicotyledons, as in Lathyrus See. The most important distinc¬ 
tion in the ribbing of the two groups is, that in Dicotyledons the main 
rib or ribs branch repeatedly at more or less acute angles, and anastomose 
by their slender twigs, so as to form a netted or reticplar framework; while 
in Monocotyledons the branches passing from the main ribs go off nearly at 
right angles, become suddenly much more slender, and form a kind of square 
mticed or canceUate framework When they are strongly developed (fig. 69). 
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86. The general outline of loaves or leaflets is indicated hy certain 
technical terms, such as:— circular or orhvcuJar {Hydrocott/le, Tro- 
p(folum majus) (fig. 80); roundish or subrotund, approaching tho 
foi’cgoiug(fig. 64); elliptical (fig. 65); ovate, egg-shaped vrith tho 
broad end nearest to the stalk (fig. 66); obovate, tho same shape, "with 
the narrow end nearest to the stalk (fig. 67); lanceolate or lance- 
8ha]Mid (fig. 68); sagittate or arrow-shaimd (fig. 69) > hastate or dart- 
shaped (fig. 70); cordate, the shape of a heart on playing-cards, with 
the brand end jiesirest to tho stalk (fig. 71); obeordafe, tho same shape, 
•with tho point attached to tho stalk (fig. 101); Uniform or kidney- 
shaped (fig. T2) ; rhotnboidal; triangular ; or the reverse of Miis, 
cuneate or wed5jc-shaped (fig. 81); deltoid; spathtdate or spatula- 




A palxninerved 
seriutc ] e-all 


A pennineired 
entire leail 


A Babrotond, eotire, 
penninerTed leaf. 


shaped (fig. 73); ensiform or sword-shaped (as in the Garden-flag); 
Umar, a long narrow form with parallel margins (fig. 74); ftdmlate 


Fig. 65. 


ilg.60. 



Kg. 68. 


Kg. 67. 




65. Ab elliptaoBl Mrrate leal 
Fig. 66. An ovMe» SiOBte, and dentate leaf. 


67. An oborate entire leaH 
'Fig. 68. A lanoeolate lei^. 
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or awl-shaped, a slender, short linear form soon endings in a point 
(fig. 75); aeerose. needle-shaped and ri^d (Fines, Juniper, &c.). 

87. ^motimes the forms are intermediate between some of the 
foregoing, in which case two of the terms arc combined, such as 
ovate-latueolate, signifying a leaf broader than lanoeolate, and with 
the lower half wider, as in ovate; Utiear-lanceolate, a long and nar¬ 
row lance-shaped blade, and so on. The term ollique is applied to 

Rg. 69. 



A hastate leat A aagittate leaf. A cordate and ouapidate leaf. 

leaves where the portions on either side of the midrib arc unequal, 
as in the Begonias, lime. Elm, &c. (fig. 76). 

Fig. 76. 



72. A renifomi erenatc lea£ Fig. 74. A linear Imt 

Fig. 73. A epathulnte leaf. Fig. 75. A subnlate ImT 

F^. 75. An obliqn^j oordate, lerrate, and aouminate loa£ 


88. Special terms are also required to describe the character of 
the base of the leaf. Thus, cordate at the bate may be added to ovate, 
eilijotieal, or other form, whefP this oonditioa exists; if a sessile leaf 


TTTH latiX, 


55 


has a cordate base, it becomes aurieuJate or eared (fig. 77) when 
the borders are free, amttlexicatd or claepim if they adhere to the 
stem. The last form is a transition to &e decwrent state (§ 76). 
When the posterior lobes of a sessile l^f extend round the stem 
completely and become confluent on the other side, the stem appears 
to run thrmgh the leaf, and the leaves are called ^erfel iafe, ( fig. 78 1 ; 
when the basilar lobes of a pair of opposite leaves cohere on each 
side, so as to produce a similar-condition, the leaves are termed coji- 
nate (fig. 79). Sometimes the blade is gradually narrowed towards 
the petiole, an& becomes attenuated at the base; v^cn the blade passes * 
still more gradually into a broad-winged stalk, a sjpathylate form 
results. 

Fig. 78. 



89. Another oharaetor relating to the base is 
the mode of attachment of the blade to the pe¬ 
tiole. Usually the midrib, or set of primary ribs 
of the blade, is in a direct lino with tbe petiole; 
but sometimes the ribs, as they pass from the 
petiole into the blade, separate and radiate from 
the top of the. stalk, so that the latter appears to 
be inserted into the hack of the leaf; such a con¬ 
dition is called peltofe. and occurs in Nelumbium, 
Tropaiolum mapis, and other plants with orU- 
cular leaves (fig. 80). • 

90 The apex or point of the leaf has certain 
characters: it. may be acute, or sharp (fig. 66); aturmnate, 
or with the point rather drawn out (fig. 76) ; cuspidate, 
with a more produced, slender, sharp summit (fig. 71); or 
mueronate, when it is tipped with a spine (fig. 81). It may 
also be obtuse, when an ordinarily pointed form is suddenly 
rounded off at the tip; emarginate, when there is a 
shallow notch where the point should be; reiu.se, when a 
notch of this kind is deep: this last form approaches to 
the obeordate (fig. 101). 

91. The ihargins of the leaf are either entire, that is, with 


Fig. 80. 



A peUate leaf. 


Fig. 81. 
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an unbroken edge (fig. 64); erenate, when they exhibit a series of 
small rounded teeth or scallops (fig. 72); dentate, when the teeth 
are acute and pointed radially (fig. 66) ; serrate, when sharp teeth 
point towards the apex (fig. 76); retroserrate, when sharp teetli 
point towards the base. If there are coarse teeth, the margins of 
which are again more finely toothed, as in the Elm, the leaves are 
doubly serrate (or dotdd.y detitate). Sometimes it is requisite to say, 
irregularly toothed, or incised, as in many Thistles; and these teeth, 
as well as those of regularly dentate or serrate leaves, may bo tipped 
with spines, when^ they are termed spimseserrate, &c. W'hen the 
outline exhibits shallow wavy curves, it is sometimes called repand 
(figs. 79 tfe 80). The margin may also be revolutei or rolled back 
toward the lower face (fig. 68). Sometimes, through excessive growth 
of the marginal parenchyma, the edges of the leaf are unilnlated (as 
, whf n the edge of a strip of paper swells from being wefeed (ng. 88). 

92. A very large number of simple leaves, and of leaflets of compound 
leaj’os, are ivided more deeply between the principal ribs; to such 
the general name of fo?>«rfloaves is often applied, and the more or less 
distinct parts are called lobes; thus wo may have bilohetl (fig. 82), 
trilobed (tig. 83), and so on, acoording to the numlwjr of the divisions. 


Fig. 84. Fig. 85. Fig. 86. 



F|g;. 62. A hilobed leaf. Fi^p. 64. A plnnatffld leaf. 

Fig. 83. A Irilobed leaf. Fig. 85. A pinnathMUtifco leaf. 

PiB.86. Alyratoleif. * 

t 

93. But it is found requisite in Descriptive Botany to subdivide 
lobed leaves into more definite classes; of those there are two prin¬ 
cipal types, defined by the character of the ribbing. When the 
ribs are arranged on the feathered, plan, we first take the prefix 
pinniiti- {feathere^, and subjoin to this a word indicating the degree 
or kind of division, thus: pinnatifid (feather-deft), if the broad 
notches between the lobes extend from the margin to about half¬ 
way between this and the midrib (fig. 84); pinnaiipartite, if the 
notches extend nearly to the midrib (fig. 86); pinnaiisect, if the sepa¬ 
rate lobes are almost free, and merely connect^ by a narrow strip 
of parenchyma. Certain low frequent modifioations of those forms 
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of tho feathered type arc conveniently distinguished hy technical 
terms, such as:— sinuate, a form either of the pinnatijid or pinnatisect 
loaf, when the excavations and tho apices of the lobes are rounded, 
as in the common Oak-leaf ijyrate, a pinnatifid or pinnatipartite 
leaf, with the end lobe much larger than the rest (tig. 86); run- 
einaU, a lyrafe or eimply pinnati^d leaf with tho points of tho lateral 
lobes turned towards the base, as in the Dandelion. When the in¬ 
cisions arc deep, but very irregular in size and form, tho term lad- 
niate is sometimes employed. 

When the ribs have the palmate arrangement, similar terms arc 
subjoined to tly) pio&x palmi-or palnmti-, mpaimijid (fig? 87),^a?~ 
mise-et (fig. 89), saA pcdmtpaHite (fig. 88), according to the depth of 



A pnlmiad leaf. 


Fig. 88. 



A leaf, tbe lobes imdiilated. 


the divisions. A special modiiication of this type occurs not unfre- 
qneutly, when tho lower or outer ribs, and consequently tho basilar * 
lobes, turn back more or less towards tho petiole: such Icfjves are 
generally deeply cut; but the general prefix pedatl- may be used in 
the words pedaiifid, pedatiseci-, or pedatipartite (fig. 90), according 
to the rule given above. 


Fig. 88. 





A inklmiiert ](n£ 


Rg.90. 
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The bilobed, trdobed, quinquelobed, and similaT forms are usually re- 
ferahle to the palmate t^e, and should be more definitely named if they 
occur in a nenus where fhe leaves exhibit many of those forms m a constant 
manner; if the leaves are inconstant in the depth of the divisions, these 
more general names are preferable. 

94. Simple loaves divided on the feathered plan exhibit also more 
complicated conditions. The primary lobes of a pinnately cut leaf 
may be subdivided again in the same manner, and the secondary 
lobes again into tertiary lobes. These are named on the same pjin- 
ciples, bipinnati- tripinnati- ~fid, -sect, or -partite, according to 
the /legres of division of the last set of lobes, i. e. of the secondary 
lobes of bipinnatifid (fig. 91) and the tertiary of tripinoatifid. When 
the leaves are subdivided a fourth time, or even where tripinnati sect 
leaves have filiform segments, the term disserted is usually employed. 

• the foregoing paragraphs we have endeavoured to exclude those 
numerous technical terms which are either indefinite or superfluous, 
and. may bo relegated to glossarie.s. It must be borne in mind that the 
terms above defined are applied in a similar manner to the leaflets .of 
compound leaves, nexj to be described, being subjoined in description to 
the terms which define the plan’and degree of division of the petiole. 

95. Compound leaves arc such as have the petiole branched once 
or more times before it boars blades; the branches of the petiole 
are called partial petioles or petiolules. and arc often articulated to 

'the main petiole, which in this case is occasionally termed the 
rathis. Stipcls occur at the bases of some partial petioles. The 
separate blades of the leaf arc called leaflets (Joliola), or pmitte. 
Compound leaves may be classed generally into simiily, doubly, 
triply compound or decompound (supradeeomposita), according to 
the Bumber of successive branchings of tlic jietiole. The ramifi¬ 
cation follows the same types as that of the ribs of simple leaves, 
and exhibits analogous subordinate modifications. 

Pinnate loaves are such as have a raehis bearing sessile or stalked 


91. Kg. 92. Kg. 93. 



A bipinnatifid toht An imparipiimate leal. A pnripiniute Itoal. 
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lateral leaflets arranged on the feathered plan. Sometimes there is 
an odd terminal leaflet, when the leaf is unequally or irmari- vinnate 
(fig. 92). When there is no end leaflet, the leaf is abruptly or 
‘pari- pinnate, (fig. 93). Interruptedly pinnate m^ns that the oppo- 


Fig. 94. 


Fig 96. 



Fig. 04. A fiinate, genunate, or nnijngate pinn^ lca£ 

Fig. 05. A bipinnate leaf, iae pion» unyugate. 

Fig. 06. A bipianatu leaf, tiie moltijiigaie pimua pariplnnate. 

site paira of leaflets are alternately large and small, os in Ayrtmonia. 
The pairs of leaflets are sometimes called juga, and if only one pair 
exists, the leaf is unijugate (fig. 94); if more pairs, multijuyate. K, 


Fig. 97. 



A lupinnate leafl tiie ninntt 


Rg, 98. 



A Isiniiiiiate leaf, tha niiuiiB imoariianmite. 
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the leaflets are not in pairs, but alternate with each other, the loaf is 
aitemi'pinnate. 

Bijnnnate leaves ore formed when the main petiole bears secondary 
petioles with distinct leaflets pinnately arranged (figs. 95-97). Tri- 
pinnate loaves exhibit an additional (tertiary) series of partial petioles 
with distinct leaflets (fig. 98). When the division goes beyond the 
third degrco,'’the loaves are called deeonmound (fig. 99); but it is 
more common to find bipinnate or tripinnato loaves with their 
> leaflets pinnatifid, -partite, &c. ■' ‘ 

Falmate (or diyimte) leaves are such as have a num^ber of distinct 
leaflets arising &om one point, like the ribs of a simplp loaf when the 
plan is palminorved. Bi- or tnjmhwte loaves probably do not exist. 
The only modification apjieors to be the vedate leaf, analogous to 
thejiedatisect simple le^, but with distinct leaflets (fig. 100). 

Pig. 99. 



Fig. 99. A piniutely deqnmnoiuid leaf. Itg. 101. A temato leaf with oboordate leaSeta. 

Fig.100. AiwdatBloat 

e ' 

The terms temate, quinate, and septenate are often applied to palmate 
leaverfwith a definite number of leaflets. Temate loaves, however, may 
occur either on the palmate (fig. 101) or pinnate plan; if on the latter, 
there is only one pair of latei^ leaflets and a terminal one, but in 
these the petiole is ordinarily developed between the pair of leaflets 
and the end one. What ore called bitemaU (fig. 102) and tritemate 
compound leaves are in most cases pinnate loaves with unijugate 
and terminal leaflets. Such leaves should perhaps be called temaio- 
pinnate or bitemato-pinmte, <&o. 
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A modified fom, apparently intermediate between jnnnaie and palmate 
leaves, like some termite leaves, occurs tbrougb the suppression of the main 
racliis of the bipinnate leaves of some Acacias, giving what may be 
called g palmipitmate form (fig. 103). 


Fig. 102. 




F4;. 103. A ludmipinnate leaf. 


The leaflets of compound leaves of Flowering plants are ordinarily 
called piniifF, and their subdivuduns lobes ; but in the Ferns, where the 
leaves are highly compound, and the segments somewhat variable in the 
degree of confluence, the primary divisions of tho leaf are called piwwe. 
the secondiuy ^miiUcs , and the tertiary lobesai^eMma^ In highly 
compound leaves, ilie ramification of the petiole and sutxiivision of tho 
iauunor structure become less complex toward the apex. 

96. Tho varieties of texture of ordinary leaves depend chiefly 
upon their anatomical condition; but it is requisite to notice here 
several terms, such as membramm, leathery (or coriaceous), suc¬ 
culent, &c., used in Bcscriptivo Botany, but which scarcely require 
explanation. In aquatic plants the leaves are usually of slighter 
texture: when they float on water (natant leaves) the forms and 
general external characters are not much modified; but when they 
grow wholly under water {submerged leaves), they are not only more 
delicate, but are sometime^ cut up into fine filiform segments, as 
in Manuneulus aquatilis, 

97 The duration is different in different plants. Those which 
are unfolded in spring and fall off in autumn are cqjded deciduous. 
What are called eeenwgeg leaves vary in duration: thus in ordmary 
evergreens, such as Ivy, dierry-laurel (Prunus Laurocerasusy, &c., 
the leaves remain through tho winter and fidl off only when the new 
ones are becoming developed in the spring; while in many Conifers, 
as in species of Pimts, Araucaria, &c., tie leaves remain attached 
for many years. 

The anatonncal structure of leaves exhibits many interesting modifica¬ 
tions, related in some degree to the media and climates in which plants 
grow. These will be more particularly eiplained in another place. 
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98. The mrfae.es of leaves, like those of herbaceous steins, exhibit 
a variety of conditions dependent on the character of the epidermal 
layer. The term gldbruus indicates a smooth surface without hairs 
or other appendages; glabrescent is used to signify that a surface, 
hairy when young, becomes smooth when the leaf is mature, by the 
hairs falling off. ^me smooth surfaces axeshinmg; and this is very 
often- the cafie with the upper surface of evergreen loaves. Hairy 
surfaces arc differently denominated, according to the character of the 
^ hairs and their mode of oceurronce. Thus a pilose smface is covered 
with scattered soft %nd small hairs, a hirsute with scattered long hairs, 
a hispid with scattered stiff hairs; while a pubescent surface is covered 
closdy with short soft hairs, a villotts closely with longish weak 
hairs; and when the hairs are curled and interwoven, the terms silky 
(serieeus), woolly (lanatus), felted (tomentosus), or floeeose, are applied, 
’"according to the coarseness of the hairs and the thickness of the coat 
they form. 

’99. What may be called the natural smoothness of surfaces may 
he interfered with by other irregularities analogous in their nature to 
hairs. Slight, almost invisible rigid-projections render the surface 
scabrous; hard rigid hair-like processes, called bristles or setas, make 
the surface setose ; and similar structures still more developed (oc¬ 
curring mostly at the apex and the points of the teeth of loaves), 
called s^in«s, sometimes occur and produce a spinous surface. Modified, 
usually compound hairs, containing oily or resinous secretions, arc 
called glandular hairs, rendering a surface viscous or glutinous, which 
conditions, however, are sometimes produced by glands sunk in the 
epidermis. Stings arc long stiffish hairs containing an irritating fiuid. 
Scaly {lepidotus) surfaces arc produced by the occurrence of minute 
stalked fiat scales, analogous in their nature to hairs. Sometimes 
the cuficular layer of the leaf separates in minute scale-like frag¬ 
ments, giving a scurfy appearance to tho surface, which is termed 
furfuraeeous (os in the leaves of the Ifine-apple and its allies). The 
pruinose condition is that which results from the conversion of tho 
cuticle into a thin detachable film of waxy matter, of which the 
« bloom ” of plumsj grapes, &c. affords an example. 

Special Modifications of the Leaf and its Parts. 

100. Under the head of the petiole we have spoken oiphyUodia 
as blade-like forms of the petiole (figs. 50 & 51). Not only does the 
leaf-stalk exhibit this and other modifications, disguising its real 
nature, but the blade also and the stipules are siAject to similar 
modifioafions, in which the organ or re^on is only recognizable by 
its position and relations. 

As these metamorphic stractuies fidl under certain types, which are 
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represented in different coses by all the different refrions of the leaf, it is 
most convenient to describe them imder special names. 

101. Pitchers {asddia) are stoctnres of the form indicated by 
their name, produced by peculiar modes of development of the petiole, 
the blade, or of both together. One of the best-known examples is 
found in the Nepenthes, or Pitcher-plants, in which a portion of the 
leaves exhibit a very long stalk, winged at the baso, supporting at 
its extremity a pitcher-like sac of ordinary* 
leafy t&ture, furnished at its mouth with a ^ 
little flat plate resembling a lid (fig. 104). 

The pitcher is oommonly explained as a kind 
of phyllwle, or foliaceous petiole, rolled up, 
and with its maigins confluent, the lid-like 
body being regarded as the lamina-, but it 
appears more corroclf to consider the pitcher as 
the lamina furnished with a distinct terminal 
lo^c (pjterevhm). ISarracenia, a North-Ame- 
rican bog-plant, has analogous pitchers, which 
arc sessile at the base of the flowering stem; 

Ileliamphora (Guiana) has the pitchers less 
complete, the inner side being slit down as it 
were for some distance, from the imperfect KtcherofWqwirfAM. 
confluence of the margins of the leaf. In Disehidta Bafflesiana the 
pitchers are plainly formed from the blade, and are open at the 
end next the petiole; and a similar condition exists in the pitchers 
formed from the bracts of Maregraavia and Norantea. 

Somewhat allied to the above, on a small scale, are Kg-105. 
the or sacs of the Utrieularice (fig. 105), 

litflol jlaA'5er-like organs, closed at first by a lid, 
developed from some of the lobes of the compound 
leaves of these aquatic plants, and apparently serving 
as “floats.” Inotheraqaatics(7Vapa,Pontecfcrta, &c.) 
floats are formed by inflate^ 2 ietioles, constituting as 
it were indehieoent pitchers, surmounted by ordinary 
bladc. 0 . 

Teiatolopcal illustrations of the oririn of pitchers aVe occasionally 
affoifled by garden plants. This has been especially observed in the 
Tulip, in which the leaf next the flower-stalk has been found with its 
margins completely confluent into a kind of spathe, whi^ bursts 1^ a 
transverse fissure to allow the flower to appear. 

102. Ten^j^ (cirri) are thread-like processes, curled spirally, 
by w^jich weak-stemmi plants attach themselves to foreign bodies. 
They may be modifications of any part of the leaf or of a branch. 
In LoBtyrus the blade-structure of the,leaf is more or less deficient 
in different spedes. In L. Aphaca (fig. 106) it is wholly wanting. 
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the petiolo running out into a tendril, which may be regarded as 
consisting either of the leaf-stalk alone, or of this and the midrib of 
the lamina. In L. odoratta (Sweet Fca) the pinnately compound 


Fig. 106. 



Fig. 106. Iieavt*8 of Lalh^rmt Apktieai r<*prcB<*nt(‘d by tendrils, with large foUoceons stipules. 

Fig. 107. Leaf of Oloriom wperbUf prolonged into a tendrIL 

leaf has one pair of leaflets, and usually one p.air of tendrils, and a 
terminal tendril in the ordinary place of the remaining leaflet. In 
the edible garden Pea there are several pairs of leaflets, and often 
several pairs of tendrils, with a terminal one. In Ghriosa superha, 
a liliaceous plant, the broad simple lamina runs out into a terminal 
tendril (fig. 107). In SmUax (fig. 108) the two stipules are repre¬ 
sented by a pair of tendrils: while in the Cueurbifaiceic one tendril 
only, occurs, which some regard as a stipule, others as a metanibr- 
pho^ leaf, others, again, as a branch. 

Kg. 100. 



Fig. 109. Temlrili of SmUax a»pera, formod from Uie stipules. 

Fig. 100. Leaves and tendrils ca Uie Vine. 

The tendrils of theVine (fig. 109) ate modified flowering branches, placed 






UOBIFTED L^TE8, ETC. 


'65 


opposite to leaves, and often tuberculated by the existence of abortive 
flower-buds. The nature of the axillaiy tendrils of Passion-flowei-s is 
simUiir. 


103, Spines (spinm) arc hard, sharp-pointed 
woody processes, formed, like tendrils, by mo¬ 
dification of entire organs or ports of such. 
Thus, in the common Berberry some of the leaves 
are represented by compound spines, in the axils 
of which arise ^fasciculate groups of leaves. In 
the False Acacia-tree (Hobiniii Fseudcieada) ^ 
the stipiilcs are represented by a pair of spines 
at the base of'tho ixjtiole (fig. 110), while in 
certain species of Astragalus the petioles are 
converted into spines after the fall of their leaficts. 
Spinous processes anj developed upon the petiole 
m the upper part of the compound leaves of cer¬ 
tain Palms (Flectocomia). 


Fig. 110, 



Baeo of the leaf of * • 
Myuotwith atf^ulcado* 
veloped m qpinca. 


True spines, however, ore more frequently dependencies of the stem, 
closely associated with the leaves: thus in the Boosebeny they are de¬ 
veloped from the piilvhius, or protuberance below tho base of the petiole. 
In the Black-thorn (I¥u»us s/dnosa) the spines are real branches (fig. Ill), 
ns also are the spines of Gleditechia triaemithoe (fig. 112), and the principal 
spiuos of Furze ( UUx), in which, however, the points of the leaves arc 
spinous also. 


Fig. 111. 




S*' SP?®*™* branch of Fnmw iplmua (BJaok-aiom). 

Kg. 112. SinnooB branch of OUdUtolua triamntim. 


104. TAorw (aeulei'), properly so called, are sharp woody pro¬ 
cesses, straight or curved, occurring npdh stems, leaf-stalks, at tho 
points or on the margins, or npper surface of leaves. They are di- 
Htinf^shed from true spines by their originating fiwm the epidermis, 
like hairs, glands, &o., and by having no connexion with the internal 
Woody substance of the stem or ribs ofdhe leaves &c. 
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105. This is perhaps the most convenient place to men¬ 
tion the nodniar or discoid glandular bodies that occur in connexion 
with certain leaves, as on the petioles of Passiflora &c. They are 
distinct in their nature from the epidermal glands above mentioned 
(§ 99), and considerable attention has been directed to them on 
morphological grounds; hence they will be adverted to again in 
speaking of the flower. 

Sect. 5. Tub Leaf-bud. 

106. The bud is a compound structure, composed of a solid conical 
basis, supporting a number of rudimentary leaves. In the leaf,-hud, 
or rudiment of a shoot, the conical base represents the future stem, 
with its intemodes as yet undeveloped; the scales are either entirely 
radimentary leaves, or a portion of them on the outside are modi- 

‘~ned leaf-structures, forming scales for the protection of the inner 
loaves, and destined to fall off when the bud expands. In the early 
conditions, flower-hud is essentially analogous to a leaf-bud; but 
its ultimate history is different, as will bo shown hereafter. 

Many of the general characters of buds have been described already, 
under the head of the stem; but there arc some other more special pecu¬ 
liarities which require separate treatment here; and repetition of certain 
more important facts will not be disadvantageous. 

107. In all seeds, except in those of the few Orders which present 
an incomplete or aootyledonous embryo, the young plant is possessed of 
a rudimentary bud, called the plumule, situated at the point of growth 
of its ascending axis (flgs. 11^115). This is the terminal had of the 

Fig. 115. 


Fig. 113. Kg. 114. 



O’ 


Kg, UX Uonocotrledononi ombrro of Ptitmogthm, oat throogh perpondiculiirly : a, radicle; 
b, oolyledoii; ir, pliunale. 

!Rlg. 114. Diootyledonouf emb^o ctf 4he Beaa (JRito), with tihe ootyledont b* V* soparafeed: a, 
ndiole; plumule. 

11& Diagram of a germinotiBg Dicotjledon, trith the plumule or terminal Imd between 
the expanded oot/ledona 


young plant; and stems and shoots only retain the power of elongating 
so long as they possess sueb a bud at their extremity. When it is 
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removed by artificial means, by frost, or, by mctamoi^bosis, is re¬ 
placed by a fiower, the onward growth of the shoot ceases. In the 
Dicotyledons the power of growth generally becomes early distri¬ 
buted among a number of buds; but in many Monocotyledons the 
terminal bud retains its original preeminence, becomes very lai^, 
and by its continuous evolution pi-oduces an unbranehed, columnar 
stem, as in the Palms, dec. 

Those Ferns which become arborescent, likewise grow by a single lar^ 
terminal^ud. lihe I,ycopodiaceiB exhibit a curious series of bifurcations, 
which seem to arise fom the suppression of the terminal bud everv time 
ramification is rep^‘ated. 

lOB. Axillary hods are the origin of the ramification of stems. 
They aro developed in the aedh of leaves; and as they unfold into 
secondary axes, they become the terminal buds of such shoots. Other 
axillary buds are ibnned at the nodes of these secondary shoots, t;r 
repeat the ramification by developing into tertiary axes according to 
the type of tho species. "• 

It is evident from this, that the mode of branching of a stem must 
bo essentially dependent on the arrangement of leaves; but a com¬ 
plication arises from the frequent suppression or non-development of 
the axillary buds, often according to a regular plan; and, in fact, it 
is very seldom that all the axillary buds of a stem are developed 
(figs. 116 & 117). 


Fig. 110. Fig. 117. 



S*' US' wmiSoation, with dewlo^ent of termiosl and azillarr buds. 

Xig. 117. uiiflnite ramiBoation, with amat A the tenninal and derelcnnnent of the axUlarr 
bods, prodaoing biftiroation. 

This abortion of axillary buds is most extensively displayed in Mono¬ 
cotyledons ; for the frequent existence of dormant Duds in the leaf-wilB, 
even of Palms, is shown not only by the occasional production of isolated 
lateral shoots, but by the frequent, and in some cases constant, development 
M buds in the uils of the bamlor leaves, forming suckers round the base of 
she stem. A similar phenomenon occurs in the propagation of Wis &e. 

Among Dicotyledonous plants, the infiuence of the suppression of buds 
'n regular order is very great. In the Labiatce we have oppmiite leaves; 
and as pairs of axillary buds are developed, tihe ramification is generally 
very symmetrical; in some of the CaryophyUaeers with sunilarly decussate 
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Fig. Il4 Fig. 110. 


oppofflte leaves, one a.villary bnd only is developed, and the other is sup¬ 
pressed at each node, so that the oranches, arising one by one, stand 
spirally arranged upon the stem. In the Firs, the branches often appear 
to arise in whorls, owii^ to the periodical development of a number of buds 
in the axils of closely succeeding spirally arranged leaves, with long 
intervals of total abortion. 

The Ash grows year after year from its terminal bud, which close.s up 
into a winter-bud in the autumn. In the Hazel, £li« &o., the teniiinal 
bud is not developed in the autumn, and the axillary bud next below con¬ 
tinues the growth. In the Horse-chestnut (fig. 121*), the tonnin.al bnd of 
the annual shoot resolves itself into an inflorescence, and the growth of 
the next year depciids upon the axiUnry buds; the same is the case in the 
Lilac {Syrituia vul^arin) (fig. 118), in which, 
however, in this coimtiy, the terminal bud is 
generally killed by frost in the winter, and the 

f ir of axillary buds next below produce 
3 B8om, causing still more marked bifurcation 
the branches. 

^ As a general jule, of course, the frequent 
suppression or conversion into blossom of 
terminal buds tends to produce a bushy 
mode of growth, and vice versa. In addition 
to this, the relative force of develojiment of 
terminal and axillary buds is very important 
in determining general form, as we see in 
comparing the Black Poplar with its common 
toll variefy (the Lombardy Poplar), or Ooni-* 
ferous trees generally with deciduous trees. 

Even among the individuals of the same 
species we observe great differences in this iw. sjoot <rf (ho Mnc. do- 
respect, de]>endent on external conditions; wflaiUarybuda* * 
for both Dicotyledonous trees and Conifers Fig. iia. a shoot, with a terramni 
diflbr much in the relative proportion of main 
trunk and branches, when grown in close 
plantations, or standing in open dtuations. 

Ordinarily, only one bud exists in an axil 
(fiff. 119); butfrequent exceptions to this occur, 
as in some species of Maple, in Honeysuckles 
(fig. 120), and in the Walnut. However, one 
of these is generally much larger than the 
rest, and is ewed the principal bud, while the 
others are accaviori/. 

In the &mily of Solanaccm the axillary buds often occur in an irregular 
position, arising from the stem at a little thstance above empty leaf-axils. 
This is suppose to be due to the cohesion of the stalk of the bud with 
the stem. 



Fig. 120. 



Knmeronf axilUij buds of 
Lonieera, 


109. Advmtitiouf or accidental buds are those which appear, con¬ 
trary to the usual order, at indefi^nite points, unconnected with the 
axils of leaves. Oener^y speaking ^ey are abnormal products, 
presenting themselves under special oonditions. They usually occur 



THE I.BA7-BT71). 


on organs in a very active state of vitality, subjected to stimulating 
external conditions, especially where, through natural or artiheifJ 
oporutionB, there is an absenee or insufficiency of normal buds to 
carry off the developmental energy of the plant or organ. 

Adventitious buds may be produced from any part of the plant. With 
regard to those produced on old stems, as in pollarded tiees^ or those which 
occur on subterraneous stolons, as in the Rose, Ash, &c., it is not always 
easy to decide without dissection whether the buds are realfy ildventitious 
or merely latent axillary buds stimulated into development j but true ad¬ 
ventitious buds do occur. The produhtion of adventitious buds on true 
roots has been frequently observed, as in lyrmjaponita, Madura awan- 
tiactt, I'mdnmUa itifj/erialis, &c.; and the Anemone faponica is ccanmonly 
pi-opngated by cuttings of the root. The formation of adventitious 
buds on leaves is a still more remarkable physiological phenomenon. It 
has been observed chiefly in succulent leaves, but is not exclusively con- 
flued to them. When it takes place, the flrst sign of development is the 
production of adventitibus roots, foUowed by tlie formation of a cellular 
nodule which subsequently assumes the cnmactcr of a bud. Among 
natural examples, the leaves of Cardamine prutame have been observed 
to ffirm adventitious roots on tlie lower side when lying upon wet ground, 
and even to produce buds j the leaves of several Ferns, such as Waodwar- 
dia radicam, root at the end, and produce buds which propagate the plant; 
and many similar instances might be cited. Artifidm production of buds 
on leaves is now a familiar fact, imder the influence of heat and moisture, 
not only on the scales of bulbs, but on the green leaves or even fragments 
of the leaves of BryophjUmn, Helieveria, Glimttia, Gemera, Moya, &c .; 
the Orange and the Aueuho Japmiica may also be propagated by their 
leaves. Sometimes the leaves produce rootlets alone, and remwn stationary 
there, without having ibree enough to develope a bud. 

Tho formation of adveutitious buds on leaves, especially in Bryophyllmn, 
where a niunber are often produced, arranged on the margin, is of great 
interest in connexion with the theories of the structure of uvaiies and 
the origin of their ovules. 

110. Tho bud which continues the growth from tho plumule of a 
germinating plant (fig. 116), and the axillary buds produced during 
a season of active growth, are composed of rudimentary leaves; but 
tho winter- or resting buds formed on most deciduous trees and 
shrubs of temperate climates present the peculiarly modified foliar 
organs called hfud-seales {tegmenta), analogous to (he scales of bulbs 
and other aubtorrancous buds of herbaceous plants (figs'. 121 & 122). 
Buds without scales aro called naked. The scales, when present, are 
mostly of leathery or membranous texture, and are often domed 
more or less densely with hairs, which are sometimes glandular and 
produce a resinouB or glutiuous secretion, which exudes when tho 
buds swell. 

When winter-buds swell and open, tbrowixsa: off their scales, the inter- 
nodes between the latter do not derate, whue those between the nas¬ 
cent leaves do; consequentiy the sterting^point (ff each aimual period 



Fig. 121. Scotion of the end of a nhoot of the Horae-ohosfcnnt, showing the tcmiiiial and two 
axiUarr buds; the terminal bud contains an inflorescentM*, surrounded 1)7 se^es 
and ru^mentary leaves. 

Fig. 128. Bud'ScalcMi a, and rudimentary leaves e, d, from the winter-bud of Pruntes Avium. 

111. The first two scales of a bud usually stand right and left of 
the axil on which the bud arises; the succeeding scales assume at 
once the regular character of arrangemeut of the leaves of tho 
species. 

In winter-huds there is commonly a gradual transition from -tho 
pn)% scale to tho true leaf (fig. 122), as occurs in bulbs; and tho 
scales, as in bulbs, arc referable chiefly to the vaginal or potiolar 
portion of the loaf. But the scales originate difPerently in different 
cases: thus wo have petiolar scales, as in the Walnut and IJorsc- 
chestnut; stipular scales, as in the Yino, Oaks, Elm, Poplars, ; in 
this case, however, especially in the outo scales, the stipules and the 
petiole are confluent into one organ (Prunus, Horn, &c.) (fig. 122). 
Foliaceous scales pro formed by the blade of the leaf, of which we 
have examplOB in the lilac, Maples, Coniferm, &c. 

112. The mode in which rudimentary leaves are arranged in 
leai-buds is called the vernation , and fumishes important syste¬ 
matic characters. Two "points nave to be regarded here, viz.:— 

1 , tho arrangement of the leaves in relation to each other; and, 

2, the manner in which each separate leaf is folded. The general 

arrM to w n ent is called imbricate or according as the margins 

of ^%|i^yes overlap one another or simply meet without overlapping; 
but mure minnte distiuotiomiare obswved, and those depend to a great 
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extent on the phyllotaxy of the species. Thus with the or other 
spiral plan, we have usually trouetrous (fig. 1241 or qnincnnciaKfig . 
I twiirtrate buds proper ; with alternate ^ or distichous leaves the 
vernation may be euuitant (fig. 123), where each leaf, sharply folded 


Fig. 124. Fig. 126. 



Bectioni of Bods ihowitig Temation. 

133. Imbricated, and eqnitont (of a Oraai). 
Fig. 124. ImbricaUd, triquetrous (of a Cores). 
Fig. 125. ItidupliciU.e, decussate (of the Apple). 
Fig. 1^. Imbncated, quinouncial (of a Foplar). 


(conduplieate), completely embraces its successor (as in the Flag), or 
hxlf-muitant or ohwluU. where the leaves are similarly folded, but 
each Icai fcmbraces only one (lateral) half of the blade of its successor. 
Valvttte buds occur mostly where the leaves are opposite; a modifi¬ 
cation of this form exists where the margins of the leaves are rolled 
inwards (fig. 125), and is called indunlieaie ■nematim. 

113. The individual leaves in a bud are either Hat, fcZded. or 
wged. For the first, of course, no spmal term is requisite. Of the 
fi'lded leaves we have:— recKnate. or indexed, where the leaf is 
folded horizontally, so that the point is brought down to the base 
{Liriodendrm) ; amdunlimie (fig. 123), where the leaf is folded per¬ 
pendicularly at the midrib 
and the lateral halves are ^8' 
placed face to face (Oak); 
aud||Mai(4(fi8‘ 127), where 
tbe blade exhibits several 
. perpendicular folds, as in a 
fan (Vine, Beech, Maple, 

Currant, &c.); this last is 
often combined with the 
preceding. When rolled 
I up, also, this may take place in either direction: where the apex of 
i the leaf is rolled down toward the base, as in the Ferns and in 
. the flower-stalk of Drosera, it is eircinaU ; if the leaf is rolled up from 



Fig. 197. Ternodon of a plioUe 
Fig. 128. Vernation of a convolute leef. 
. Fig. 139. Vernation of revolute leaveB. 



72 


UOBSHOLOeT, OB COHBABiUTOS ABATOHT. 


side to side like a plan, mtli only one edge free, as in the Cherry 
(fee., it is eonvoluU (fig. 128); when both margins are rolled inward 
toward the miMb, it is involute (fig. 125); and when both margins 
are rolled outward toward the midrib, it is revolute (fig. 129). 

All these terms, both the individual and the coUectiTe, are applied in the 
same way to the arrangement of the parts of flower-buds, calloa cesl,katicn. 


Sect. 6. Tns Inflobescisnoe. 

c 

114. In all Flowering Plants, a portion of the buds change their 
character at certain periods and in certain situations. They cease 
to produce leafy shoots; the foliaceous organs of which they arc 
composed are gradually developed into that assemblage oj( organs 
which constitutes a flower (§21). 

So intimately are the leaf-bud and flower-brd related, that, under 
peculiar conditions, producing monstrous growths, flower-buds are- seen 
to expand into tufts of green leaves, or imperfect flowers to throW out 
leafy shoots from their centres; such cases are often observed, for instai.co, 
in cultivated Roses; and leaf-shoots may likewise exhibit more or less of 
the characteristics of a flower, &c. 

115. Flower-buds arc subject to the same laws of arrangement 
as loaf-buds. The buds which commence the growth of the repro¬ 
ductive structures maybe at oneo developed into solitary flowers, or^ 
as is more common, the blossom-buds unfold into a system of 
branches terminating in flowers, the branches all originating in the 
axils of modified leaves, called hracts. The solitary flower, or the 
connected system of flowers arising from one point, is called the 
inHoreseenee. which is either feminoZ (fig. 130) ox axillary {&g. 131). 

l?he inflorescence is produced from the terminal bud, or from this’and 
one oranore of the upper axillary buds in most annual plants; and there is 
often a gradual transition from the true-leaf stem into the bract-region, 
or inflorescence. The same is the case, to a neat extent, with the 
flowering stems of biennials. The inflorescence of herbaceous perenniids, 
bulbs, &c. is either terminal or axillaiy (§§ 4G-48), as is that of arbo¬ 
rescent plants. In the Horse-chestnut (fig. 121) and Lilac, for example, 
each terminal bud ends in a blossom, whUe in the Apple and its allies 
the inflorescence is axillary. 

When the ihflorescenoe is developed firom the terminal bud of an un¬ 
branched stem, the growth of the plant ends in the blossoming, as is the 
case‘in the Agave or American Aloe, the Talipot and other Palms, which 
require a number of years to bring them to the point of flowering, and 
then die away, like a bulb with,a terminal inflorescence, the plant, 
however, beina sometimes propagated at the same time by ofl'sets from 
the axils of the lower leaves. The inflorescence of other unbranched 
Palms, such as the Cocoa-nut, is axillary, and thus may be repeated 
indefinitely. 

116. A flower-bud may he mther sessile or slaVeed ; if the latter. 
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its stalk is called the neduwiU i in branched forms of inflorescence, 
the slender stalks of ue individual flowers are called vedieels. 


Fig. 130, 


Kg. 181. 



117. The simplest forms of inflorescence consist of solitary flowers, 
either terminal, as in the Tulip, or axillary, when simple pedun¬ 
cles arise &om tike axils of ordinary loaves, as in lAfnmaehia'Num- 
mvlaria, &o. 

118. The term seane (seapus) is applied to a stem devoid of true 
leaves, arising underground from the terminal bud or from the axil 
of a scalo or leaf of a rhizome, bulb, &c.; this may be timpU. as in 
the case of the TuHp, the Primrose, &c., or eompound. as in the 
Kyacinth, Cowslip (fig. 180), the plantain, &c. (flg. 1^1}; it may be 
called compound mso when it terminates in a capittdum, as in the 
Dandelion, Daisy, &c. 

When solitary flowers arise in the avUs of ordinary leaves, the flovrer- 
leaf at biact-reg^on of the stem is sc^cly represented; but, generally 
speaking, those parts of the stem which hear flowers are sepuated to a 
certain extent from the tme-leaf region, and form a distinct association of 
parts, representing the bract-region; sucb is distinctly the case in the 
com^und scapes of the plants above referred to (fig. 131). Lithe flower¬ 
ing eteme of annuals and biennisls it is often mmcnlt.to draw a line at 
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the boundfliy of the true-Ieaf region and the inflorescence, from the leaves 
passing insensiblj into bracts fl-om below upwards, as in the Foxglove. 

119. The leaves of the flower-leaf region of the stem ore called 
bracts. They are mostly smaller than the leaves preceding them, 
usually simple, and often scale-like, consisting of the vaginal portion, 
of the leaf only. In the generality of cases they are green ; but not 
unfrequently ftiey are tinged with the same colours as flowers (as in 
various Sages), or are even entirely petaloid. In other cases they 
are membranous, and then often very transient in their existence. 
The dimnutive t||rm bracteoU is applied to tho small bracts which 
occur fflfi the ]^dioel8 o^ certain plants, often in pairs. 

The term broHeole is loosely applied by some authors to the smaller 
bracts of a compound inflorescenco; but it is much more convenient to 
use the term iract for all leaves which subtend branches of the inflo¬ 
rescence, and to call those scales bracteules which occur on an ultimate 
'')[iedicel, as in many Leguminoso). 

,, 120. As a general rule, oU ramifications of inflbrescence arise in 
the axils of bracts; but the bracts are sometimes regularly abortavo, 
as in the Crucifers. On the other hand, we sometimes find the 
lower part of the inflorescence crowded with bracts with empty 
axils. 

121. In many Monocotyledonous plants the bract subtending the 
inflorescence is large, and forms a kind of sheath, called a gmlJie. 
Sometimes this surrounds only one flower, as in the Daffodil, tho Flag, 
&c., where it is of membranous texture; tho membranous spathe of 
the Onion and its allies encloses a dense infiorcscence; in tho Ara- 
ces (fig. 133) it is still more developed, and sometimes of petaloid 
structure, as in the so-called Trumpet-lily (Bichardia cethiopim), 
where it encloses the club-like inflorescence ; while in tho Palms 
(fig. 134) it assumes enormous dimensions and a loaf-like or even 
fibrous texture, forming a sheath to a large and greatly ramified 
inflorescence. 

122. In other cases, bracts are collected together, forming a whorl 

or densely packed spire, called an imolucre. The tlmbellifeiie have 
frequently vorticillato involucres at tho base of the umbels, and 
sometimes secondary whorls or at the secondary umbels 

(fig. 140). In tlie Compositffi also, where the flowers are crowded 
on a common receptacle, the bracts form an involucre (figs. 141-146), 
the'parts of which are sometimes called pkiMar^; smaller scale¬ 
like bracts occurring among,the florets mtnesTmpitula are called 
pofeg-ffigs. 145 & 146). Other examples of involucre are famished 
^ the eupides of the Oak, Beech, Filbert, &o., also by the 

ppvo outer scales of the spikeletB of Grasses. 

^ 123. The different farms of the Inflorescence or connected systems 
^f floral axes are divisible inl» two blaasea1, the vadefyiUt. where 
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the terminal bud of the main or primary axis does not form a flower, 
the flowers being borne on smmdary lateral branches; and, 2, the 
defin^ where the primary axes bear terminal flower-buds, while 
the sncMe^g flowers spring from secondary axillaTy branches pro¬ 
duced lower down, and subsequently to the terminal bud. 

Examples of the first are seen in the Cruciferm, especially the Wall¬ 
flower, where a few flowers at first appear in a tuft, while the sped-yessela 
are afterwards wide apart on an elongated raceme, the uppermost 
being th% youngest. In the Foxglove and similar plants we may pro¬ 
duce a very long'development of the indefinite struc^pe by pi^ng off 
the lower flowers os they wither, when, as no seed is formed, tqe iMe- 
fiuite terminal bud«etains its energy, and continues to lengthen until the 
plant is exhausted. On the other hand we observe, in the Sweet-William, 
the Elder, and the Hj'drangea, the centre flower of a tuft opens first, and 
the d^mte inflorescence becomes wider and wider, but never grows out 
in the centre. 

Fig. 132. Kg. 134. Fig. 185 


Fig. 13.3. 





Fig. 133. Spike of Vtriena qffeinaUa, 
Fig. 1S3. Spadix and qwiaie CaUa. 


Fig. 134. Oomponnd ipodix oad roothe of a Palm. 
Kg. 1S5. Spike, with ^keloto, 


124. The flowers generally open in the order of their development; 
and thus, when an indefinite inflorescence is of a flat-topped *or 
crowded charaoter, the outer flowers open first and the central 
last, jis iu^ the capitula of the Compcisitffi. Hence tiie indefinite 
forms of inflorescence are sometimeB called Gentrjpetal. and the 
definite 


^ere is an exception to the ordinaiy rwulaiity in the capitula of 
Ijxptaeut (Teasel), where the florets open mst halfway up, and then 
proceed both cenwipetally and centiifogally.* 

B 2 
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125. Of the Indefinite Inflorescence the following are the most 

important forms:—^the »pike, the raceme, the eorymh,Vii!a panide, the 
vmbel, and the eapitulum. * 

. Of the Definite Inflorescence the chief kinds arc, the cyme (with 
its modifications), the fasciculus, and the ccenanfhium. 

126. The spiice is a long simple axis or raehis bearing sessile 
flowem, either standing at intervals, as in the Yervoin (fig. 132), 
or crowded, as in the common Plantain, Trighchin, and many 
Sedges. 

^varal modifications of the spike have distinct names. When the 
raehis bears large, persistent, imbricated scales, it forms a cows or 
strobile, as in the Pins and Pines. When it is tbdek and fleshy, wltn 
{he lowers more or less imbedded in it,'the term spa^ is applied, 
of which the Araceoe fiirnish examples (fig. 133); tRe same tem 
is conveniently retained when this fleshy axis is branched, os in the 
Palms (fig. 1^). The so-called spikes 
- of many Grasses, such as “Wheat, Barley, 

Eye-grass (fig. 135), Cat’s-taU-grass, 

&o., are also compound spikes, since in 
place of single flowers the raehis bears 
spUcelcts or short axes with several 
sessile flowers. The term catkin ( amen- 
tum) is applied to the pendeni, often 
caducous, spike-like inflorescence of the 
Willow, Poplar, Birch (fig. 136), and 
the male inflorescence of the Oak, PU- 
bert. Chestnut, &c .; in these the bracts 
have sometimes one, sometimeB several 
flowers in their axils. OaUdmi of^ 

127. The roMm differs only from the spike in having the flowers 
distinctly st^ed, as in the Hyacinth, Mignonette, the Portugal 
Laurel, &c. 

The corymb is formed when the flowers originate as in the ra¬ 
ceme, but me lower on(» are raised on longer stalks than the upper 
ones, so as to bring them aU nearly on a level, as in Orrd- 
ihogalum (fig. 1^7) &c. 

As already noticed, a corymbose inflorescence sometimes mws out 
into a raceme while the fruits are ripening, as is seen in many Grucifene. 
The relation between the two farms, or, more properly, between the 
panicled and the comabcMe state of the same inflorescence, is well seen 
m comparing a Cauuflower as fit for the table, with the expanded in- 
fiorescence of the some plant when allowed to run to seed. 

128. The pamete iB formed when the lateral buds produce rami¬ 
fied axes instead or single flowers (filg. 138) ; it is hence merely a 
compound or branched racme; when the lower branches extend out 
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further horizontally, imd the entire inflorescence thus becomes pyra¬ 
midal, the term thyru is oci^sionally \isod (Horse-chestnut). 

Fig. 138. 


Fig. 137. 




C'oijmb of Ornilhagalum. Pemde of AJiitna rtanUaj/o. 

129. The umbel is formed by a number of single flowers borne on 
long stalks of nearly equal lengtli arising from one point, as in the 

Fig. 140. 

Kg. 139. 


/vn, 
rrSfi ^-5’ 




Simple umbel d Sdomut umbellatut. 


Compound tunbel of tihe Carrot. 


common Cherry, the Onion and its allies, Butomus umbeUatus (fig. 
139), the Cowedip (fig. 130), &o. In the flimily of Umbellifene, so 
called from the prevalence of this inflorescence, the umbels ore mostly 
ompound (fig. 140); that isj the first set of radii do not bear flowers, 
but secon&ry sets of radiating branches, forming umbtUvles, or 
secondaiy^mbelfl. 
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Umbek usually have an inyolucre at the base of the ladii, as noted 
above (& 122). The simple umbels of the Onion group are originally 
enclosed in a membranous spathe. *“ 

130. The SSSim^mSL ^ formed by the floral axis expanding 
into a thickenoa mass, surrounded by an involucre of overlapping 
bracts, presenting a convex, flat, or odneavo surface (eommon retep- 
tad«), upon which are crowded a number of sessile flowers, as in tiie 
famUies oi Compositse and Dipsoceie) (figs. 141-146). In the Com- 
positm there are often little membranous bracts {palea) at tlie out- 


Rg. 14ir 


Fig. 142. 


Fig. 143. Fig. 144. 


Fig. 14A. Section of a capitalnm of a C<nni>orito plant with pales at the base of the tubular 
and iigulate lloretM. 

Fig. 146. Sootion c^an emptj capitalnm of a Compodte plant with a paleaceous receptacle. 

side of each flower (figs. 145,146); in the Dipsacese each flower is 
snirounded by a cup-hke involncre (fig. 142). 

The flowers crowded together in the capitula of Compositse are small 
and of various forms, so arranged as to give the whole the outward aspect 
nf a single flower; hence this inflorescence was formerly called a compound 
)fouwr, and its involucre a common calyx. 

' ISl. The flowers in the capitula of the Compositse are called 
Hor^ ; and diffiermit names are applied to this inflorescence according 
to thie mode of arrangement of the floreta. In the Dai^,%e observe 
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a yellow middle dith and a white or pinkidi ray ; the didk is com- 
posed of florets dirferent ij^ character from the spreading florets 
of the rm (fig. 145). Borne cdpitula are wholly dincoid, snch as 
those 0 ^ Groundsel (Seneeio vulgaris), of Thistles,'&o.; others are 
wholly radiant, such as tho8e_ of the Dandelion, Lettuce, &o. 

It should he observed that cultivation tends to convert tubular florets 
into spreading ones, and so to obliterate the yellow disk or “pye,” as we 
observe in the Dahlia, garden Dai^, &c. 

132. fjapitula of less marked character are found in other fa- 
milicB, where, however, the involucre is wanting f for example, the 
flowers of Clover •(Tn/oKwm) have a capitular arrangement,*a8 also 
those of many Protcac^ous plants {Banhsia). 

133. The term cyme (fig. 147) is very general in its application; 



FaiiicQlftte cjfme of Cmtffium. Boorpioid Qpne of JtfyoioMt 

for it is used in reference to a number of forms more or less re¬ 
sembling outwardly the raceme, corymb, and others of the indefinite 
type, but all agreeing in producing a terminal flower on each shoot, 
and continuing the subsequent evolution by axillaiy development. 

The loose < 7 mose inflorescence of many Caryophyllarae illustrates 
|he definite mode of powth very clearly: the primary axis tenuiAates 
in a flower, then branches arise in^e axils of a pair of bracts lower down; 
these branches repeat the process, and their branches again, un^ the 
flowering shoot is exhausted^ 

IM. When the cyme is loose and irregular, np special term is added 
to this distinotiye name. But if the axillary branching goes on to 
many degrees, and the peduncles acquire such lengths that the outline 
of the whole infloresoenpe becomes rouitded, we have a ahbm cume 
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(fig. 149), as in the SnowhaU {Viburnum Optdus), If the outer 
branches spread and grow np so as to produce a fiattish or convex 
collection of flowers, as in the Elder and the garden Hydrangea, it 
is called a Jlat or eorwnhose eume (fig. 161). 


npr. 149. 






US-lSl. DiagnmB iUnstratiiis tiie oentrifiigal diTclopiaent of rraoae infloreacenccB. 

Fig, 119 a globoae, Bg. IM a acoriiiaid, and Bg. 161 a corj’nibow) aj^. 

In some cases the axillary buds ore only developed on one side of 
the primary axis, and so on with the secondary axes: in this way an 
inflorescence resembling a raceme is prodneed; but the axillary evolu¬ 
tion of each new bud gives the structure a. cirdnate or scroll-like 
form during the development, which at once distinguishes this seor- 
moid eume . It is very charaotoiistic of the family of the Eora^- 
n^effi (figs. 148 & 150). 

135. The is a cymose collection of nearly sessile flowers, 

fomling a dense flat-topped bunch, such as wo see in the Sweet- 
William and other species of DianAus. Where a cymose tuft of 
only, a few flowers, crowded together in this way, occurs in the axil 
of ^ ordinary leaf, the inflorescence is sometimes called a glomendus, 
dk^ many of the Labiate. 

■ iW. In the Kg the peduncle or common receptacle is fleshy and ex- 
eavated(fig.l52),theflowersbeinginside and developed centrifugally; 
fb Dorstenia (fig. 153) the ri^eptacle is flat or slightly concave on 
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the top, while in Artocarj>ug and other cases the flowers are on the 
outside of a convex peduncle. These forms of inflorescence are only 
slight modifications of the eajntulwm. The term rienanthium has 
been used to designate them, but is now rarely used. 


Fig. 162, Fig. 164, 



Fig. 152. G^nanthitim of thft Fig; the flowers inside the tTreavated receptacle. 
Fig. 15.1. Cfpiianthinin of Dorttfenia; tho flowera imbedded in the fleshj receptacle, 
i^'g. 154. Compound mflortiseence of XHffitaria, 


137. Some plants, especially herbaceous perennials, have what 
is called a compound inflorescence, wherein the flowering region of the 
stem appears to be composed of a number of distinct inflorescences 
arranged on a regular plan. The plan of the ramification of the 
main axis may be the same as that of the individual inflorescences, 
as in the Umbellifcrffi, whore both the primary and the secondary 
hmbels unfold centripetally; sometimes the separate inflorescences 
ore arranged in' a diScrent form belonging to the same class, as in 
the case of the umbellate coUeotion of spikes in certain Grasses 
{Digitaria, fig. 154) &c. 

In other cases there is a mixed condition, since in many Com- 
positse tho individual capitula are centripetally developed, while 
they succeed one another on the main stem in a ccntriftigal or 
cymose order; in the I.abiatoo the cymoso axillary glomerules (which, 
occurring opposite to each other, form verticiUasters or false whorls) 
are dovelopod from below upwa^s, the main stem being indefinite 
and they are often crowded together above so as to form a kind of 
compound spike. 

The general fects of the morphology of the different forms of inflo¬ 
rescence of each type are ea^y seen to be conformable to the laws ruling 
the development and ramification of the vegetative stem. Buds are either 
terminal or axilla^ to bracts; sometimes, indeed, the bracts are simpressed; 
but even in families where this is almoirt universally the. nde, they make 
their appearance occasionally in ahnoi^ial examples, liie occurrence of 
a number of buds or flowers crowded ou onp point arises merely from the 
non-development of tho intemodes, as in mswulate leaves, &c.; and the 
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remembrance of this at once exjJmns the close relation of all the indefi¬ 
nite forms of the inflorescence. Thus, suppose we tiAe a eajntiilum, and 
imagine each of the fiorete raised on a long peduncle, it would become an 
umbel i if the peduncles branched in like manner to the primary stalk, we 
should have a compound umbel. If, instead of branching, thereceptacle of 
the capitulum grew up into a long straight axis, it would become a ^he 
with lateral flowers; if these acquired stalks, a rneemc would result, irnm 
which the gmi/mb only differs in the greater development of the stalks of 
the lower flowers, while a ramification of the peduncles would give rise to 
a pmide. 


138. In certain cases wo have the normal condition of the inflo¬ 
rescence greatly disguised, as in ^olutceous^edvn^^ and in cases of 
what is called {(Ration, as also where the dower-stalks arc appa¬ 
rently removed from their usual place by adliesiou of various kinds 
and degrees. 

■ • Fig. ICG. 


Tig. 1‘)5. 


In many kinds of Cactus, as 
already noticed (§ 57), the stem 
•assumes more or less the outward 
aspect of a leaf; and when a 
flower arises on such a stem, it 
looks like an abnormal growth ; 
but it is really produced from 
the terminal or axillary bud of 
an abortive branch. In the 
Butchcr’s-broom (Kusem, fig. 

155) the single peduncles are 
flat Icaf-like plates, and bear the 
flowers in tiie aj^s of little 
scales which arise on the upper 
surface, seemingly from the mid¬ 
rib of B leaf; but these folinceous 
peduncles grow from the axils of 
scale-like leaves. In XylophyUa (fig. 156) wo find a eompountl 
foliaeeous peduncle, consisting of a large loaf-like branch bearing nu¬ 
merous flowsrs on its margins, arising there in the axils of bracts. 




155. Fnliamniiis pndundvB of Uufcwi 
at^letUud. 

Piff. 156. PoliaiH'ouf* branch of 

Xjihph^lUi. 


Famation is usually Sn abnormal condition, consisting’ of tlie fusion of 
T number of peduncles into a solid mass, bearing the flowers on the borders. 
It produces the crest-liku condition of the flower-stalk of the garden 
Coocscomb; and it occurs not unfrequently in the Scrophidaiiacese &c., 
re as to convert a paniculate inflorescence into a ribana-like axis with 
iiTwulaifr scattered, short-stalked solitary flowers. 

Adkedm of the peduncle to the leaf or bract produces an appearance as 
ie a A-, as in the case of the Lime-tree. A 


if the^ 


union or, rather, lack of sopaemon between the flower-stalk and the 
i produces the cxtratmllarj/ inflorescence, of some species 6f Skdanum. 
Other cases of extraaxillary inflorescence, wherein thj^infloiBseance 
jpjjaoed opposite to a lecu^ os izt the case of the 'Vine, Mmitm Dulcamara, 
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&C., are explained bj the circumstancb that the inflorescence is in letdil^ 
terminal (as may readily bo seen in the ym^ state), but as 
goes on it bonds dowwards into nearly a horizontal position, while the 
axillary bud next beneath it developes into a shoot which assumes a 
vertiem direction, thus occupying the position of the inflorescence. Such 
branches ore called by Fieudi botanists usurping branches. 

139. The inflorescence, like the leaf, varies in its duration. The 
staminal catkins of the Amentiferas, such as the Oak, Heftel, Poplar, 
&c., fiiU'off as goon as the pollen is discharged ftom the stamens, 
and they are called caducow. In many cases tl^ inflorescence, or 
the individual jicduncles, separate by a disarticulation when the 
fruit is ri})e, as in the Apple. Cherry, &o.; the term deciduous is 
then aj>plicd In the Itose we observe the dried-up"liruit long 
remaining, like th c'-ues of Firs &c., after tho seeds have become 
maturc-d : *''c8c are pet s istent. Sometimes the peduncles undergo 
e.v]-Hnui , nr'ng the ripening of tho seeds, so as to form part of the 
fi uit ■ su h an infiorereerico or peduncle is called excrescent . The 
Fi«r. • I’inc-npple, and other fruits are formed of excrescent inflo- 
'."s s j th.- Cashew-nut ^Anaeardium) has an excreseemtpeduncU. 


Sect, Tke Fiowbe. 


■■-♦i). '^-'wer, the characteristic reproductive apparatus of 

t' ’ght , .s, consist- f no elements superadded to the 

r *:ie>ral organs of th« .c.'Wftativc regions, but is merely an 

diige of tlieso organs modified in certain essential partioulara 
' • t(> fit them . ir ext. ns' g new functions. 

t rt ower 18 a modifi'1 bninch. in which the intemodes of the stem 
ui ; seldom detmoned, while the loaves, arranged according to the 
general phyUotactic laws, are more or less different in form tad 
toxturo, have part of their tissues developed into more highly special¬ 
ized products, and, in part, give origin to buds distiuguish^ both in 
auutomical and physiologic^ characters &om those associated with 
vegetative loaves. 


The study of the modifleations or, as they are often ci^cd, the meta- 
morph'ises of the oigans of tho flower forms one of the ^ist attractive, 
and at the same time most important departments of MorpWogy, and' 
now advanced for enough to set all general questioni at rest; but in 
elementaiy work it is desirable to fnniish some of the more striking 
proofs of tile doctrine which is enunciated in the preceding panmia^. 

Th e theory of t^e instruction of the flower rests upon nronfi derived 
from tye somcM! ihe mosi; numerous facts are fnmlshed hv ^a^otiHW. 
or the study of abnormal growths; hut the strongest confirmation of the 
views arising out of the observation of such cases is obtained bv eowrw- 
yative anat^u or analcgy. and by investiiiatim of proares»w ^ 


/e 'may, in the first place, remark upon what is taught by the study 
of develi^ment. Flowers are common in wh^ the oigans stand in 
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regular circles, and in which the oigans of each drde agree in colour, 
size, and so on; but in many cases we find deviation irom this regularity: 
the arrangement of the organs becomes changed, and the parts of parn* 
cular circles become more or less different among themselves—as, for ex¬ 
ample, in the flowers of the Pea-tribe, of Tjabiatas, &c. But when we 
examine the buds of any of these flowers in a very young state, we find 
the rudimentary organs, with very few exceptions, regularly arranged, 
and while in the state of cellular papillie, agreeing exactly in all external 
characters. The subsequent irregularity is a result of special growth at a 
later epoch. In didynamous stamens, ror example, the longer pau do not 
exceed the others until a late {Miriod of their development. 

The original uniformity and homogeneity of the prgans of flowers 
are not always so completely lost in the matiuation of the structures, that 
the different secondary types of organs, sepals, petals, &c. become entirely 
distinct The study of comparative anatomy reveals very many cases of 
transition from one Kind of organ to another, illustrating, in a very inter¬ 
esting manner, the doctrines of morphology. ' 

In CalycanthmJiorulmikB numerous pieces of the floral envelopes pre- 
•fient a spiral arrangement, and it is impossible to find a distinct line of 
demarcation between the coloured bracts, the calyx, and the corolla. ‘ In 
species of Cormts and Euphorhia, the coloured 'bracts of the involucre 
assume quite the aspect of a coloured cal}’x or corolla. In the White 
Water-lily (Nymphrea), a transition between sepals and petals is siien in 
the segmunto of the calyx, which are green onteide and petaloid inter¬ 
nally, while we have perf^y petaloid stipals in many flowers, as in Aco¬ 
nites, Larkspurs, &c., and pariicularly in the showy bulbous Monocoty¬ 
ledons commonly cultivated, e.g. the Lily (LUium), Tulip, Crocus, &c. 

In the Water-lily, again, we observe a gradual transition between petals 
and stamens, the latter appearing first ns petaloid plates, with anther- 
structure on the edges. In Catma it is the ordinary mle for the stamen 
to be a Mnd of petM bearing on anther-lobe on one upper edge. A more 
or less expanded petaloid state of the filament is not unusum, and in the 
Mistletoe the stamens are flat, leafy organs, with the pollen developed in 
the parenchyma of the inner feoe. 

The stamens and pistils being so diametrically opposed in their physio¬ 
logical characters, we naturally do not export to find any transition 
between these organs in normm flowers, tliough in monstrous develop¬ 
ments such transitions are frequent. The ovules have been seen bearing 
pollen, and th§ anthers ovules. 

^The study of TeratoWy, the interpretation of monstrous growths by 
Vercnce to lajvs of development more or less interfered with by externu 
agency, is very instructive in regard to Morpholo(w. In the abnormal 
prodficts of natm« or, still more, of art we find iUustrations of Mmost 
every possible kind of the general proposition above mentioned. 

In the first place, cases Have been not unlrequentlyol^rved where the 
entire flower has been replaced by a fascicle of green leaves, especially in 
the Alpine Strawber^. In wot seasons it is not uncommon to find 
flowers of the White Clover with more or less of the organs modified in 
this way, the pistil, one or more of the stamens, &c. appearing in the 
form of neen leave^ occasionally compound and ternate, as on the stem 
below. In the Doable Cherry of gudens, the plara of the pstil is o^n 
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occupied by a pair of green leaves; in tbe Fraxinella a circle of green 
leaves has been observed in the place of the ovaiy. 

Metamorphoses within the limits of proper floral organs are still more 
common. Thus, almost all polvpetalouB flowers, and many monopotalous, 
are capable of being “doubled’’oy cultivation, that is to say, the number 
of petals may be increased at the expense of the stamens, or of these and 
the pistils. For example, the Wild Rose has but five petals, and many 
stamens and pistils, but in our garden Roses the numerous'stamens and 
pistils often altogether re^acod by petals. In many cases inter¬ 
mediately formed structures exW in such double flowers; in the double 
early Tulip, for example, we almost always And mo«strous organs, half- 
pet^ and nalf-stemen, and even half-stamen and half-carpel; ’the same 
may he observed in double Pinks and Carnations. Rlustrations obtained 
in tiiis way might be multiplied ad it^mfum. It shoidd be observed, how¬ 
ever, that in double flowers we frequently find not only all the essential 
oipans replaced by petals, but an actual multiplication of the natural 
number of organs, as ill Roses, Camellias, double Daffodils, &o. 

In the last place, wo mav advert to the phenomena of the abnormal evo¬ 
lution of buds within the limits of flowers. Cultivated Roses sometimes 
sAd out a leafy shoot from the centre (prolification), the terminal bud 
not becoming arrested as is natural; on Apples and Pears we occasionally 
see one or two leaves growing out from the summit, from the same cause. 
In addition to this, the organs of the flower may assert their foliar nature, 
by producing flower-buds in their axils, like stem-loaves. This has been 
oosurved in the case of the petals of Cvlastrus scartdens, and also of 
Clarkia degans, and occurs sometimes in garden 
Roses*. 

'These general observations will serve to show 
the essential homology of all the lateral organs 
of flowering plants with ordinary leaves, and 
more especially with the vaginal or leaf-scale 
portion of the leaves. The laws under which 
the varieties of form &c. are produced within 
the limits of the flower all cooperate to substan¬ 
tiate the same general principles. 

141. The organs of flowers have been 
enumeratedinaformer Section (§§21-26):— 

1 , the forming the calyx; 2, the petals, 
forming the eoroUa ; 3, th^ stamens, forming 
the andrcecium; and, 4, the earpds, forming 
the pisdls or gynasemm. That portion of the 
peduncle upon whidh*6ll these organs are 
attached is called the receptacle or iSudamus ; 
it seldom has the intemodes much developed, 
but 18 more or less expanded horizontally. p«i»tedbymteniode«. 
When it forms a flattened surface above, its centre corresponds, of 

, * A general review of these abnormal or unusual formations, and of the 
mferenoes that may be derived from them, iaciven in Dr. Masters's ‘Vegetable 
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course, to the apex; and we may thus say that the aboTC-named organs 
succeed each other from without inwards, or from below upward. 

The accompanying diagram of the floral whorls (fig. 167) illustrates the 
theoretical construction of a perfect end symimetncal flower. Here the 
interaodcs arc imagined to he developed between the separate circles of 
the flower—an an'ongement which does occasionally occur in nature. 

142. AH'axillary flowers arise in the angle between a bract or 
leaf and the stem; from this is taken the rule as to relative position 
of organs, in desc^bing flowers. The side of the flower next the 
stem is the upper or posterior part, that next the bract the anterior 
or lower; and in the ground-plans often used to represent the con¬ 
struction of flowers, it is important to mark the places of the axis and 
the bract, the former being represented behind, the latter in front. 

In the rare cases where flowers are tnily terviinal, there is no proper 
back and front; but in plans of these, the position 't)f the last leaf or bract 
^hould be shown. When bracts are suppressed, as in the Cruciferai, we 
of course find the back of the flower by the position of the organs in 
reference to the parent stem. ’ 

143. Since the organs of flowers are modified leaves, we naturally 
seek for laws of arrangement corresiKmding to the phyllotaxy of 
stem-leaves; and we find that the so-called whorls of organs, csi)eci- 
ally of the calyx and corolla, are often really spiral cycles of organs 
developed successively on the ^ or f plan, but reduced into ap¬ 
parent whorls by the absoncAj of intomodes. 

This is distinctly the case in such n calyx as that of the Rose, where 
the sepals ore imbricated and stand quite on the | plan (figs. 168-lGU). 


Fig. 168. 



frFig. ISS. OslrxofiheBote; Uie jnimbem indicate the leqaonoe ot the Bfipali from without 
> iowsrdA or from below upweida. 

'' Fig. 1S8. BeationolthcaativatianoftheoidTXortiieBoM; thenmnbenuinihepreoeding 
igaxe. 
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In the temaiy floral envelopes of many Monocotyledons we find illustra- 
fions of the + type. Sometimes the spiral arrangement is still more evidrait, 
espemally where there enst great numbers of a particular kind of o^n, as 
in the mixed petals and stamens of Ki/mpheea, and the multiple pistils of 
lUiwMculm, MagnoUn, &c. In Calycanthm all the organs follow on in 
a continuous spiral. 

In otlier cases the floral organs are developed simultaneously, when a 
true whorl is produced. • 

144. .According to the mimbcr of organs in a cydo or apparent 
whorl, these ate distinguished as Smerous or hinarn, trimerous or 
tenwrt! (fig. 161), tetramerom or qmternarit , amd pentoiggrows or 



Fig. USD. Uingram of the ^ Bpiral nmngement of Iravea, for oompariaon mth Sg. 159. 
Fig. 161. Bittgraui or groand-plan of Uie dimerous 0owor of the xolip. 


Kg. 162. 


Quiruirii (fig. 162). The ternary arrangement is hy far the most 
common in the Monocotyledons, the quinary in the IDicotyledons. 

Most frequently the calyx and corolla have 
an equal number of parts; the number of 
organs is prone to increase in the stamina! 
cimes, and still more frequently to diminish 
in the cai^ellary whorl. 

145. In the majority of cases wo find 
the organs of each successive whorl deve¬ 
loped alternately with, and not opposite 
to, those of the preceding circle. 

Prom this the whorls would appear to re¬ 
semble the decussating whorls ($ 66) of true 
leaves, rather than regularly succeeding sphal 
cycles. We have seen tSiat these decussating 
whorls are closely related to the spirsd cycles; 
but the relations axe not clearly made out. Moreover we find in the 
very numerous cases of flowers with the organs imbricated iu the bud, 
that the spird arrangement is very evident, and the whorlod appear¬ 
ance presents itself only after the expansion of tiie flower. Now, if the 
i or f cycles succeeded regularly, the organs of successive cycles should 
be opponte and not alternate. A. de Jussieu has supposed that the organs 
are arranged on the spiral type in all trimerous and pentameious 



DUgnun or jgronndnilan of Uio 
6-merou8 fbwer otCramiia. 
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flowers with imbricated sestivation. Inspection of tbe diagrams in a fonner 
page (48) will show with how little displacement the organs of such flowers 
maybe arranged on this type; and there is much probability that tbe 
situation of spirally arranged cycles results from some such cause, 
while the alternation of organs in flowers with valTate aestivation is re¬ 
ferable to the same laws as the decussation of whorls of loaves. The ex¬ 


ceptional cases of oppodtion of organs will be explained presently. 

I 

146. The typical flower in our diagram consists of four circlas of 
organs equal in number of parts, and with the parts ycgularly alter¬ 
nating. A flower«thus presenting all the whorls is called complete ; 
the organs in each circle being similar, it is remlar ; ^ and the numtier 
of organs in each circle being the same, it is moreover summeirkal. 

147. Almost every kind of deviation and combination of deviations 


from this type are met with; but the modifleations are referable to 
distinct causes, which admit of classifleation und^r a few general heads. 




IS may anse cither from mtilttphcatipn, or from sup¬ 
pression or mortion of parts. 2. Union of the organs together ; this 
may be merely coalescence of the margins of organs M tbe same 
whorls (cohesion), or confluence of normally distinct whorls (adhesion). 
3. Uncaual dcvelonmcntor dearec of adhesion in the orcans of narti 


cular whorls, nroducinatrreffularifv. i, IrreauTar devdonment either 


om various organs b 


enation. i istitution of one organ by another (metamorp, 



Dr. A. Gray has furnished on interesting illustrafion of these laws of 
modification, flom a family (Crassulacesd in which different kinds of 
deviation occur together with examples of very symmetrical flowers. lu 
Crofsula (fig. 162) is found a dmple symmetric^ ptmtamerous flower, with 
five sepals, five petals, five stamens, and five pistils, all regularly alternating, 
and only ^ghtly confluent at the base. In some species have four, 
some only three organs in each whorl, but the flowers are still itgulor and 
symmetncal. In Mum (Stone-crojw, &c.) the flowers of some species 
are pentamerons, those of others tetramerous, but here the number of sta¬ 
mens is doubled by the introduction of an entirely new circle of these organs 
(mtMipdeation). Bochea has the margins of its petals slightly coherent, 
wldle in Orammanthes the petals and sepals ore respectively coherent 
more than halfway ^up. Cotyledon has coherent envelopes, and a doable 
series (muUy^atvm) of stamens as in Sedum, to which is added an ad- 
heret\ce of the stamens to the tube of the corolla.^ In Penthorum the five 
styles are coherent firmly together below, while in some cases its petals 
are suppnsaed.^ In Sempervityum (Houseleek) the number of sepals, petals, 
and pistils varies in different species from six to twenty, and me stamens 
firom twelve to forty. 




dally as legards the stamens. In the trimerouB flowers of liliaceffi and 
Arm^UidacesB there are sixytamens standing in two drdes of three, 
la the Poppy family the tetrWeroua drdes are still more multiplied; 
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and in the Rose, Buttercup, &c. we have further examples. When 
the number exceeds three or four cirdos <jf one kind of organ, the 
oi^ans are said to be indefinite in number, and the verticillate 
arrangement becomes very indistinct in tiie opened flower. In the 
White Wator-Hly wo have multiplication both of petaline and 
•taminal circles ; and in Magnolia, Eanunevlus, &c. the pistils are 
ranch multiplied, exhibiting in these a distinctly spirq). arrange¬ 
ment. 

Multiplication* of circles occurs abnormally in the double flowers of 
gardens, in which we often find fur more organs than^xist in the normal 
state, ns in Baflbdils and other fiowers where the organs are natitfally few 
in number. 


149. Multiplication of the organs in particular whorls occurs in a 
number of flowers, and is explained differently by different authors, 
Bometimes the multifflication is collateral, a pair of stamens, for 
example, standing in place of one; in other cases the oi^on is divided 
transversely into an inner and outer part or into a fasciculus of 
organs. The real case* of collateral multiplication may probably bo 
explained by the circumstance that the staminal loaf, in these cases, 
as in an ordinary lobed or compound stem-leaf, becomes subdivided 
and thus forms a lobed or eompownd stamen. The multiplication 
whore organs stand one within the other, or in tufts, may perhaps 
be referred to developments in tiie axil of the floral leaves or to 
enation, when they are not better interpreted by supposing suppres¬ 
sion of whorls, with collateral ehorisis of those retained. 


Fig. 168. 


The doctrine of ehorisis or didoublement, in which organs are supposed 
to split into layers, seems to rest on very insecure foundations, some 
regara the pairs of lon^ stamens in the tetramerous flowers of Cnicifere 
("often represented by forked filaments with double 
anthers in some species of Streptantkusyns formed of 
a bilobed leaf; but the symmetrv is generally better 
explained by supposing the glau^ to represent sup- 

g ressed stamens of three whorls (fig. l03); for a 
'rucifer (^Megacarpaia pdgandra, Benth.) has poly- 
andi-ou.s stamps. The singular stamens of Fumaria 
and allied species ore supposed by some to be ex¬ 
amples of ehorisis’, by others, and probably more 
truly, results of irregular confluence. Perhaps the 
best evidence is furnished by the numerous dimidiate 
anthers of the Malvacese, tiie tufts of Hypericaceas 
and Myrtaceae; but these are rather due to a pro¬ 
gressive outg^wth or exuberent development, 
whereby on originally simple ol'gan becomes com¬ 
pound, than to any splittmg of a perfect organ. . - „ 

The transverse chonsis has been imagined to bear ration to the produc- 
rion of scale-like or petaloid appendages on the face of petals, &c., as in 
oilene &c.; but such structures can hardly have any concern in the 



ay 

Diagram of a CraoJftrotiB 
the inner ita- 
mene (fdliaded) form 
the long paim; in the 
outer oirde the ante¬ 
rior and posterior sta¬ 
mens (dotted) are re¬ 
placed bj glands. 
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multiplication of organa, since we find that in double Daffodils, con¬ 
taining fifty or sixty pet^,-every one of these possesses its process, re- 
^senting a segment of the nectary found in the throat of this flower, 
^e trantformation of such a scale is supposed to give birth to the vjppo- 
stVe stamens of Khamnnceie, the opposite groups of stamens in Tiliacese, 
&C. But opposite solita^ stamens, such as tnose of llkamnacefe and 
Primulocem, probably arise from the suppression of an outer staminnl 
circle. Moreover such scales are usually mere outgrowths produced by 
cnottanfiom the petals at a comparatively late stage of their development. 

150. In describing the phenomena of diminution* of the number 
of eirdes ororgant of flowers, it is convenient to distinguish between 
suppression or total absence, and alortion or partial absence, when 
the organs are represented by imperfect or rudimentary structures. 

A complete flower possesses a calyx and a corolla; the corolla, and 
even the calyx also, are wanting in some flowers, which are termed 
incomplete; when the corolla alone is wanting, the flower is avetalms ; 
the term naked is occasionally applied to flowers without any floral 
envelopes. 

The terms dtchlamudeous . having calyx and corolla, mmoehlamvdeous, 
having calyx alone, and achlamtideous, destitute of fio^ envelopes, are 
used by some systematic botanists in place of the above. These conditions 
are not very secure bases for systematic divisions, since it is not uncommon 
to find apetidous plants in Orders having ordinarily complete flowers, as 
in the Caiyophyllaceie (Sat/ma &c.); the apetolous condition, however, 
is constant in a large number of orders; and familiar examples occur 
in the Kettle family, the ChenoTOdiaceso, the Amarantlis, &c. Achlamy- 
deous flowers occur in the Willows, CaUitriche, &c. as a rule, while they 
also occur, in exceptional cases, even sometimes on the same plant with 
complete flowers, as in Viola and Impatiens. 

151. "ttlien essential organs (stamens and pistils) of both kinds 
are present, the flower is called hermaphrodite (this condition is 
indicated by the sign ). In many plants one of the circles of cs- 
sential organs is suppressed, so that a given flower has only stamens 
or only pistils; such flowers are termed unisexual or diclinous. 
The diclinous flowers are called respectivoly seminiferous or mate 
(<J ), and pistillifermis or femaU ( ? ). When flowers of both kinds 
occur on the same plant, this is called mmoeeiom (Oak. Birch, Ycge- 
table Marror^ &c^; when they are on mstincFindividhals, the plant 
is termed dieeciom (Hop, Willow, Bryony, <fec.); when, as in some 
caseb, the imperfection results from a kind of regular abortion rather 
then total suppression, and the same plant or species exhibits at once 
staminate, pistillate, and hermaphrodite flowers, it is termed poly¬ 
gamous {Parietaria, many Palms, and Maples, &o.). Rome pimts 
bear neuter flowers, destitute of both stamens and pistils: such is 
the case naturally with the outer florets of many Compositse, and it 
is constantly seen in the garden Snowball {Vihumum OpvAus) and 
Hydrangea. 
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The dkUnau* condition is often tj-jncal in certain families, such as 
Amentiferffi, &c.; but cMes occm not unfrequcntly in exceptional genera 
of ordinary hermaphrodite families, as Suscus among tiie Liliaceffi; or in 
exceptional species (by abortion), as in LycJmis dwica j sometimes it oc¬ 
curs by abortion in species normally possessed of perfect flowers, as in 
Atparagus. 

152. The suppression of an entire circle necessarily renders a 
flower apparentiy unsymmctrical; for when the corolla absent, we 
find thc-stamens commonly opposite the segments of the preceding 
circle, as in Chhuypodilim ; but this is really in accordance with the 
normal type, as the stamens should be opposite thi sepals, t^c inter¬ 
mediate petals (here suppressed) alternating with both. Not unfre- 
quently we find abortive organs, such as sterile filaments or “ glands; ” 
of various kinds forming circles which restore the symmetry of ap¬ 
parently unsymmctrical flowers. 

The cases of uns't’mmetrical conditions arising from the opposition of the 
OTganB«f succeeding whorls are explained by some authors entirely by 
ths doctrine of suppression or abortion; others refer some of these cases 
tp. chorisk (§ 149). In (.leranimn we find alternating with the petals five 
little glan^ which must be regai'd(>d as abortive stamens, since in the 
succeeding whorl the five stamens alternate with these and stand opposite 
the petals; the five innermost and longer stamens, again, are opposite the 
glands. In JErodmm the outermost row is represented by gtmds, the 
second row by sterile filaments, and only five perfect stamens exist. 
Much the same conditions occur in the Linacete. On the ground of such 
facts as these, the opposition of the stamens to the petals in Khamnaceffi, 
Byttueriacese, the Ymo, &c. has generally been explained by supposing 
a circle of stamens to have been, suppressed between the petals and the 
existing stamens. Several recent writers attribute the stamens of liham- 
nacem to chorisis of the pet^ with suppression of the true stamens, 
extending the some explanation to B.i’ttncriacese and the Vine, where 
the true stamens are represented by sterile rudiments or glands viitim the 
existing stamens. In Primulaceat, the opposition of the stamens to the 
petals is obviously a result of suppression; for in Samolm we find five 
lobes on the throat of the corolla alternating with the petals, while 
Lysimachia ciliata has five sterile filaments in addition to five perfect 
Btemens. Some of those cases of altered symmetry are due to enation. 

15‘ti. Suppression or abortion of part of the organs of one or more 
circles is a very common cause of want of symmetry* This occurs 
by far most frequently in the carpellaiy ciroles, as might be expected 
from the organs being crowded on the point of the receptado (mtilti- 
plication of carpels occurring, on the other hand, where the receptacle 
18 unusually developed); the stamens exhibit it not unfrequently; 
and it is observed eJbo in the petaline whori, and even in the calyx. 

Symmetrical flowers may be rither dimerous, trimerous, tetiamerous, 
or nentamerouB throughout; and when the organs are equal in all the 
cinu^ the flowers are isonujvt^ we have isomerous dimerous flowers 
in drcaa (fig. 184) and Syrmga (fig. 166), Isomerous pentamerous flowers 
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in Oramila (fip. 102), before referred to; but, generally speaking, one or 
other of the whorls exhibits partial suppression. 

It is rare to find the sepals partially suppressed: perhaps we may condder 
this to be the case as regards the limb of the sraals in such instances as the 
pappus of BUttu, The corolla exhibits partial suppression in some Legu- 
nuniMa), where, although the plan of the flowers of the order is pentor 


Kg. 164. Hg. 166. Fig. 166. 



at 

Fig. 164. Groimd*plan of tho 2>meroi]e flower of CImra: « ropresente the bract. 

Fig. 165. Ground-plan of the Lilac, with 2-ineroufl drcles: tr, the bract; a, o, bractcolea. 

Fig. 16& Groond-i)lan of a labiate flowtir, with didynamous Btameus; the posterior one 
(d<^teal Bupitressed. 

merous, in Amorpha only one petal exists; a transition towards this 
occurs in other genera of the order, where, indeed, the four petals here 
suppressed ore Generally considerably smaller. In the Larkspurs one 
petal is constantly suppressed, while the others are of irregular form; and 
ui Aconite three out of the fire petals ore inconstant in their occurrence, 
being, even when present, mere petaloid scales. 

The stamens are mostly isotnerous, with either one, two, or more whorls, 
when the floral envelopes ore regular, although there ore well-known 
exceptions to this. The supression or partial abortion of some of the 
stamens is most common where the flowers are irregular. This sup¬ 
pression is well seen in the irregular monopetaloua Orders, where we find 
curiously graduated illustratinna of the phenomenon. Thus, in the Scro- 
phulariacese, belonging to the pentomcrous type, there are usually but four 
stamens, but Verhamm has the fifth (not always fertile): Pentdemm has 
four penect stamens and a sterile filament; and in Sercp/mlaria the fifth is 
represented by a scale in the uppersido of the corolla. In Veronica three 
ate suppressed, and only two remain. In the Labiatse (fig. 106), again, 
one stamen is ordinarily suppressed; not unfrequently two of these appear 
as sterile filaments; and in Salvia, Monarda, and other genera only two 
stamens exist. 

Either nutUiplication or mppreseim is almost the rule in the carpellary 
circle, the isomerous condition being rather the excjmrion. Six carpels, 
or a double circle, occur in the 3-merous flowers of Trighchin (fig. 107) ; 
and We have mentioned the occurrence of five carpels in the pentamerous 
flowers of Cramda and Salum (§ 147); in the nearly allied Sarifr^acese 
the carpels are usually reduced to two. In Araliaceas, AraKa has five 
camls, difierent species of Panax three and two, while in the allied 
order Umbellifexm the_ number 2 is universal in the carpellary circle, 
although all the other circles remain pentamerous. Li Rosaceffi we have 
almost every conceivable condition; for while multiplication takes place 
to a mat extent in Bom, Frayaria, ahd allied genera, the normal five 
carpels occur in Spiraa and the Fomaceous submer; in Agrimmia the 
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giupprcssion of organs becomos exceedingly striking when associated 
with-suppression of entire whorls. Thus, in Ccdlitriche the floral enve¬ 
lopes are wanting, and whUo the pistil indicates the tetramerous type, 
throe stamens are suppressed, so that the perfect flowers consist of one 
stamen and one pistil, and the imperfect flowers often met with are cou- 
posed respectively of a stamen and a pistil. The latter condition occufs 
also in the greatly reduced flowers of our native species of Euphmhia, in 
which the involucre encloses one naked female flower, consisrag simply 
of a pistil, and a number of naked male flowers reduced to the contfltion 
of a single stamen. 

A curious Mud of regular suppressioi^ not interfering with symmetry, 
is sometimes met with, where the typical pentamerous condition is re¬ 
placed by the tetramerous, either in flowers ofthe scuno plant or on diflerent 
mdividuals of the same ^cies. Thus, in Jtuta, in some species of Sedum, 
and some Alsinees the flowers have the organs sometimes in cimles of 
fives and sometimes in dicles of fours, without any other accompanying 
deviations from the character of the species. 

154. Union of tho organs of the flower consists either in cohesion 
of the parts of a whorl with their follows, or in adhesion of organs of 
one whorl to those of another. Both occur in almost every possible 
degree. It must bo borne in mind that these terms are often ap¬ 
plied to cases wherein there has really been no union*of provioudy 
disunited organs, but a wont of separation between parts whidi in 
other cases are disjoined. 

155. Cohesion occurs in the calyx, producing what is called a 
tpsmos^lous (or ^amosepalotis). edyx; also in the corolla rather 
iCTs fr^uently, forming a monovetalous (or gamopetalous) Corolla. 
With these teams are contrast' polysepahus and polypetalows (or 
d^^p-petalous), used to indicate that the sepals and petals are 
distinct, i. e. not coherent. 
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In the Vine ttie petab cohere shore, while they are dirtiuct Iwlow, 
and the flower opens hr the se/iaretion of the corolla from the re¬ 
ceptacle ; the sepals of EtchaclMlfsiii are outirely coherent, and fall 
off like a cap. 

Union is less common mnong' the stamens; but in some Orders they 
axe' (uherent by their ^aments into one piece {nwiuuMphoiis). in 
others into two or more parcola. Other plants hare the anthers 
coherent ( gifmea esmia), while the filamonts are fSree; and in some 
diolinous flowera^^tamens are united into a kind of column. 

The carpels exhibit every degree of confluence, fifom a slight co¬ 
herence,,at the base to a firm union by their sides, complete conflu¬ 
ence of the ovary with the stylos free, confluenre of ovaries and 
stylos in part or entirely with free stigmas, and oompicto confluence 
of ovary, styles, and stigmas. In Asclcinudaccm we have confluence 
of the styles, while the ovarian portions of the carpels arc only 
slightly coherent. 

The details regarding coherence will he treated of more conveniently 
in the chapters on the separate organs. 

156. Atihesion. may exist between the inner and outer cirdes of 
the floral envelopes, between petals and stamens, and between sta¬ 
mens and pistils, also between calyx, corolla, and stamens with 
pistil free; or the calyx, corolla, and stamens may all adhere to the 
pistil. No case is known of adhesion of the three inner circles with 
a free calyx. 


What is commonly termed ndlmion is more strictly want of separation 
between parts which ordinarily become detached one from the other 
during growth 

167. The point of emergence of an organ is inappropriately called its 
insertion ; and when an organ is not adherent to any other circle, but 


Rg. 170. 



Fig. 1^. H]n>og 7 nous flower nf UanwunduMf in sectioa. 
Fig. 170. P^igynona flower of iVuMM, in so^oa. 


emei^s directly from the receptacle, it b said to he free. When the 
odler organs are thus inserted on the receptacle, they axe called hypo- 
gynms (flg. 169), signifying below the pistil ; if the st amens p ppeaV 
& adhere to the free tube of the caly3;.Qtcor!^lartha: are said to bo 
yerigynous (fig. 170) j while if the tube of flie cjdyx or receptade is 
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carried up and adherent to the sides of the pistil, the stamens be¬ 
come apparently inserted on the top of the ovary, and are then called 
epiyynovs (fig. 171). 

Somo other terms are used in reference to the insertion of the 
petals and stamens: thus. t hilamUlorttl. or inserted on the receptacle, 
is synonymous with hypogymous (fig. 169); ea lyeijk ral, i4diMting 
insertion into the throat oiine calyx, may agree with either tlm po- 
rigyn ouB ( fi g. 1 70) o r epigy aouslfig. 171) conditions; wWle cordl l- 
msorwS^ onriie tube of the corolla, is a form of the^O^- 
nouFiflaedioa.. ^ 

158. The terms inferior and sv^uHor are occasmnoUy.applied to 
the calyx, according as it is free (fig. 169) or mih^enl (fig. 171) to 
the ovary all the way up; occasionally it is half-superior {Saxi- 
f aga, fig. 172). The same terms arc also applied to the ovary in 
the reversed sense to indicate the same 'conditions: i, e. when the 
calyx is inferior, the fite ovary is superior, and vice versa. 

The terms perigynom, &c., and ealycijlord, &c. are in constant use 
end* very couv<mient, but they may convey false notions as to actual 
structure. In the perigynous flowers of Busneem, for example, such os 
those of Frat/aria, Geum, &c., the stamens appear really to rise from a 
^scoiil expansion of the receptacle, forming the supposed throat of the 
calyx, and in Susa, Pyrus (tig. 173), and other siniiiiw forms the co^ls 
are really enclosed in an excavated receptacle or receptaadar tube, mm 
the upper edge of which sepals, petals, and stamens anse. 


Fig. 171. 


Fhr. 172. 




Fig. 173. 



ig. 171. iSjpigyiioiiii flowpr of nn UmbeMn'.m section. 


The a^erence of stamens to pistils produces what is called the 
W^'^rous condition, so remarkable a character of the Orchidaoe© 
ud Asolepiadacese. 

169. Inegularity of flowers arising fr^m unequal sw«, different 
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form, or unequal union of the organs of whorls is extremely common. 
Different form and sixe produce irregularity in the floral envelopes 
and stamens of many plants where these are free; and this is often 
associated with irre^arity arising from suppression. The irregular 
union occurs alone, or is superadded to all the rest when the organs 
are Mherent; this condition is oftenest found in the floral onvdopra, 
in tne stamens less frequently, and in the pistils perhaps not at all. 

Irregi^ poljrpetalous flowers illustrating this point present themselves 
in Papilionaceous plants, in Fumarincess, ViolaeeiB, &c.; irregular poly- 
sepalous calyces occur in Acotiitum, Dd^liinium, &c. Stamens are gene¬ 
rally alike in the Same circle j but in dulyiianmu stamens (two long and 
two shdrt) there is an exception to this. Irregular monosepalous calyces 
and irregular monopetalous corollas are met with in endless variety of 
forma, in tbd majority of which there is a tendency of the component 
organs of a whorl to Msociate together in two groups, front and back, so 
as to produce a bilabiate condition, ns in the corollas of must Labiatec nnd 
ScTopnulariacesB. Dnequnl degree of Union '.)f stamens produces the 
diadelnlunu condition of many Leguminoso), and the still more irregular 
polyadelphous condition in the Orang^. These points will be further 
explained in the next Sections. ' 

It may be repeated here, that the deviations from irregularity fatting 
under this head almost universallv arise during the development of\he 
bud from its ori^nally regular rudiments. 

160. Most flowers have only very short or contracted intemodes 
developed between the whorls; that is to say, the receptacle (§ 141) 
is usually not lengthened. Exceptions occur to this, however; for 
in the Caper tribe wo have long internodes between calyx, corolla, 
stamens, and pistil, producing a very curious appearance. In 


Fig. 176. 





petal! remoTod, ihoiriiig the ■tas&oni iriiinff 






IHB FI.OWEB. 


97 


Dianthus and Silene (fig. 174) there is a short intemode between 
the calyx and corolla, in Qentiana between the stamens and 
the pistil. In the Rose (fig. 175) the receptacle is expanded 
into a cup, from the inner walls of which the carpels arise; and in 
Ndumbivm the carpels are immersed in a large fleshy receptacle. In 
many cases what is termed calyai-tube is in reality a tabulasspro- 
longation of the receptacle, from the edgg of which the cidyx, petals, 
and stamens arise. In the Pacony the receptacle is raised up into a 
it^nd of cfup or “ disk ” round the carpels, in P. Moutan enclosing 
them aU but the stigmas: the apparently inferier position of the 
ovary of Vkto^iia (^epends on the discoid development of the rdbeptacle 
where the outer flo^ circles are inserted. A ring of similar nature, 
free from the ovary, occurs in Aldiemilla. Another condition exists 
in the Mignonette (Iteseda), where the cup-like or annular develop¬ 
ment of the receptacle is inside the fiord envelopes, and forms a 
support to the stamens surrounding the ovary. This form of the 
“ ^k,” which occurs also in Acer (fig. 176), must not be confounded 
with those depending on the presenflft of perfect or imperfect whorls 
of abortive floral organs (§ 195). The cpigynous disk of Umbelli- 
fersB (fig. 171) and alUed orders is probably a development of the 
receptacle, since the so-called adherent tube of the calyx is perhaps 
an excavated receptacle (§ 171). In Oirem, and to a greater or less 
extent in other Onagracom, the opigynous process supporting the 
floral envelopes and stamens is prolonged into a tube above the 
im -irior ovary, surrounding the long free style. Where organs are 
mil|,^pliod, we often find ^e receptacle len^ened into a conical or 
clavatc body, to give room fij* the insertion, as with the pistils of 
Banuriadus (fig. 169), Magnolia, Fragaria, dsc.; and this expansipn 
extends down td the region of attachment of the stamens in Ranun- 
ct'lns, Magnolia, and Nymphasa, where it is sometimes thickbned, 
and is callod a torus or thalamus. In Geraniaceee the receptacle is 
piiplouged into a column in the contra of the confluent s1yl(»; and 
the same occurs to less extent in Euphorbia. 

161. When a circle of organs is removed from its predecessor by 
a sjnlk-like intemode, it is called stimM^ The column supportmg 
the carpels of Geranium, or those an^mbslliferse, is tenped aj^^e- 
rfhoroi the stalk of the ovary of Gentiana is a^mophorA', a stalk 
above the corolla, supporting both stamens and pistils, is a gusiea- 
d^ hqre. Xlonsidorable influence is exerted in many cases the 
miquity cA the receptacle, as in Legominoss, Aconitum, EdpUnium, 
and many other irregular flowers. 

162. The modifications arising from enation have been already 
alluded to (§ 149), while those dependent on the suibstiMion of one 
organ for another, as in many doable flowers where the stamens are 
replaced by petals, demand only passing notice. 
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Sect. 8 . The Feobai ENTUxorEs. 


Fig. 177. 


163. Tho floral envelopes of a typical flower (§ 21) consist of two 
circles of organs, forming the calyx and coroUa. There is no funda¬ 
mental diflerence between sepals and petals (the organs w4ich com¬ 
pose these circles); and tho only general definition that can be given 
is, that the outer circle (or, if only one circle exists, that circle) is 
tho calyx; tiie corolla consists of the second circle (or sometimes of 
additional circles) of foliar organs intervening between the calyx 
and the stamens. 

164. <iThe above definition of the 
calyx is liable to exception in rare 
cases; for in the Malvaccas, tho Dip- 
sacete, and some Hosaccse tho true 
ealyx is doume, that is, a circle of 
smaller organs, resembling sepals, or 
a tubular cup, stands outside tho pro¬ 
per calyx, forming what is called an 
^calvx (fig. 177). The ambiguity 
m these cases is removed by the ex¬ 
istence of a well-developed coloured 
corolla inside the calyx. 



Fig. 177. Caljxwith t^piealyx. 

A. Jffi6tiNnM(HalTae«GB). 

B. (KosaceflB). 


The epical^ of Malvacem, like that of Dipsaceae, is perhaps to be re¬ 
garded as an involucre of bracts. That of l\>tentilla (fig. 177, b) and allied 
genera is sometimes supposed to represent confluent lateral lobes or sti- 
pular appendages of the sepals. 

165. A difficulty arises in the cxi^t description of the floral en¬ 
velopes, from the use of the terms verianik and perigom, which are 
ajlplled in a maimer that involves confusion, sinceT/these words 
signify tho calyx and corolla taken together when the sepals and 
petals are all petaloid, as in the lily, Tulip, Ac., and when they are 
all green and sepaloid, as in the Sock &c.; and, 2, the words are 
commonly applied to the calyx in tho Orders where it regularly exists 
alone, ei^er in a sepaloid or petaloid condition, as in Daphne and 
the Monochlamydeous orders generally. 

The terms perianth and perigone, which we take as synonymous, are 
convenient is appl 3 ring to instances where the distinctions ordinarily 
traceable between calyx and corolla are not apparent. 

166. The arrangement of tho floral envelopes in the bud, tho 
a«<wotiM.or vreeAorati^ is a subject of great importance in syste- 
matic hiSfeny, as affor^g very regular characters in the majoiijiy 
the natu^ orders. 

The |4dtis of sestivation ^ven in illustrative works are taken from hori- 
zontdjiections of the bud just before it opens; and in cases where the 
sepidi|<ier petals are coherentLbelow, the section is supposed to pass through 
tM nee lobes of the limb. 
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167. The estivation of flower-bnds agrees essentially with the 
vernation of leaf-buds (§§ 112,113), especially as regards the folding 
of the individual organs; the sepals and petals may be reclittate, eon- 
ilnplicate, plicate, convolute, involute (a stiU further roUing-in ren¬ 
dering tliis induplieate), revolute (in excess becoming reduplicate)-, 
and an additional case is found in Poppies and some other flowers, 
where the petals are irregularly crumpled-up, or eort-uriaie. 

168. Collectively, the arrangement of the organs is cither imJiri - 
cate. cotAorted , fir valvate. each of which forms, however, luis its 
hiodineatioiisr The iuihrieate is a natural i-csultof the spiral suc¬ 
cession of organs, and with the | plan we commonly find'what is 
called the quiiieuncial sestivation (fig. 159). A deviation from the 
regular spiral order is found in the imbricated buds of Papilionaceous 
and some other flowers, where the second petal has its margin inside 
instead of outside the fourth (fig. 178, a); this is called the 

lani aistivatio n. since it occurs especially in PapUionaocous corollas, 
where the largo outer petal is called the vexillum. 


Fig. 178. 

A. B. c. n. 



Fig. 178. .iEstiTBtioii of corollas. 

A. VearillaTT* ffistiTstion of tho corolla of a Papnionauoons flower. B. Contorted setivation 
of the corolla of Malm, C. Talvatt* .'estiTation of Uie coiolU of VUi», l>. Fljuate 
SBtivation of tixe corolla of Onivolcalw. 

« 

The contorted or convolute (estivation is produced by the organs 
standing very obliquely on the receptacle, as it were with one edge 
turned to tho centre of the flower and the other rolled round tho next 
succeeding organ (fig. 178, b). 

The valvate (estivation presents still more modifications. The 
margins of the organs may bo directly in contact (fig. 178, c), or they 
may be involute (fig. 125), or induplieate, or, vice pereA, reduplicate 
(fl[;. 129), or conduplicate, in all of whi(^ eiises tire rolled borders 
only are in contact, and not the absolute margins. When the organs 
are coherent at their margins,, they somotimos become p&jt'ied or 
plieate, and a kind of combination of this and the contorted form 
oo^irs where the projecting plaits are aU rolled round in one diroc- 
tion (fig. 178, d). 

The calyx and corolla may both have the same sestivation, or they 
may be diflFeront; and these characters generally hold good through¬ 
out Natural orders. 
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In the Malvacete the ffistiralaon of the calyx is ralvate, and that of 
the corc^a contorted; in Hyperkum, Dianthts, &c. the calyx is imbri¬ 
cate and tlie corolla contorted. 

Some additional terms are used hy recent authors to express minute 
differences in the sssti ration, fitnushing valuable characters in some of the 
large and multiform orders of Mouopetolbus plants; but it is unnecessary 
to enter into these minute particulars here. 

169. Thfe direction of tho spiral in imbricated and contorted msti- 
vation is variable, sometimes even in the same plant: occasiqpally the 
direction changes in passing from the calyx to tho corolla; at other 
times it.remains tiie same; and this character is sometimes constant, 
in other cases very inconstant. In determining: the direction of 
spirals, right-hand or left-hand, it is usual to suppose one’s self 
standing in the axis of the organ; but many authors suppose them¬ 
selves standing in front of it; for instance, in the place of the bract 
of a flower, wMch gives the exact opposite of tho former; hence great 
confusion in the application of the terms dextrm’se and sinktrorse. 

The Calyx. 

170. The calyx is the outermost circle of tho floral envelopes. It 
is composed of modified leaves, called sepals; according as the sepals 
arc distinct (§ 15»i) or coherent, the calyx is termed pohjsepalous 
(or dialysepalous), or momsepalom (or gamosepalous). 

■ The exceptions to the absolutely external position of the calyx have 
been pointed out in § 164. 

171. The sepals generally bear more or less roscmblanco to bracts, 
being attached by a broad base, seldom articulated, -nithout any 
stalk, and of a green foliaceous texture; not unfrequently, however, 
thSr texture is of the coloured and delicate nature described as 
petoloid. Thej^ arc usually entire; but the margins are sometimes 
cut, as in the BoBC .(figi 158), and they are occasionally reduced to 
scale-like, or even feathery or hair-like processes. They ore like¬ 
wise subject to the production of pouches, spurs, See., especially at 
the lower part, both when distinct and when coherent; and the apex 
is often more or less prolonged into a point or spine. Their mode of 
venation is usually like that of the sheath of the leaf. 

Some confusionls liable to aiise in the condition called a superior calyx 
(§ 168), where the segments are totally free: if we suppose an adherent 
tube to exist below, such a calyx would be monosepalous: but the so-called 
calvx-tabe is usually a cun-like receptacle, and the sepals htise where they 
appear to be insertea—tor exompte, in Kosacese, UmbeUifereSi Cncurbita- 
desB, CompositsB, &c. 

172. In polysejMlms calyx, if the sepals are alike and sym- 
metricallyipllnged, the calyx is regular; if some of the sepals are 
larger tlu ^^ers (Hdianth^um, Cheiranthus (flg. 179)), it becomes 
trr«)ru2(ir; ^d this is still'more the case when the s^^ difier in 
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form as well as size. Some of the most remarkable irregular forms 
of polysepalous calyx occur accompanied by a petaloid condition, as 
in Awnitum (fig. 180) and Bdphinium. 

The coloured calyces, both regular (I'uchsia) and irregular, may be easily 
mistaken for corolla j but the y are known by their exterior poaitiTO. and in 
some cases by the existence or a more or less perfect coroUine cimle within. 

173. The direction of sepals (whether ^stinct or coherent) is indi¬ 
cated by technical terms; thus they may be erect, eo%nivent (the 
points turning in), Mveraent , or even reH^ed . 

174. When the sepals are confluent or not separated, the mono- 
sepahm calyx (fig. 181) is usually described as a whole. The part 
whore the sepals are coherent is the ttd>e ; the upper boundary of this 
is the throat (faux ); and the free or spreading portion constitutes 
tiiO limb —composed of lobes or teeth with intervening sinuses when 
the upper part of the sepals is more or less distinct, entire when 
the sepals are so com]Jletely confluent that the compound nature is 
not indicated by any teeth or fissures at the free edge. 

It is necessary not to confound the receptarular tube with the ealyx-Me 
p^ier. An investigation of the course of development will show the 
difiorence between the two, and geueroUy speaking the position of the 
petals and stamous: if the latter axepertyymms, it is probable that!; he 
tube below is receptacular. The venation and internal structure will also 
serve as guides in this matter. 

176. The monosepalouB calyx is subject to the same kinds of modi¬ 
fication as that in which the sepals arc distinct. It is either regular 
or irregular. 

Of the regular kinds we find a large number which present forms 
admitting of general technical names, such as tubular or etiUndrical, 
cw-shaned . infundibulifonn or funnd-shaned. cawtpfflWMfate or befl- 
shaped, ^rceolate when the tubular form is hnlow, turbi- 

Fig. 180. 



IHg. 179. iTresnlar polyiepsloni calyx at Chatranlkiu. Two of the foi 
“gibbom" attbe bese. 

Irr^Iar polyiepelona oolonnd ealyx at AetmUumSopaaiu 
Tig. 181. Beguler monOM^ons oelrz of BUena itytata. 
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nate or top-sMyed when expanded above, inflated when the lateral 
view is oval or roundish with a narrow inoutEl[Hg. 181), &c. (See 
§ 182.) In some species of Campanula there are regular appendages 
at the bottom of the sinuses betwetm the teeth. In Primula and 
some other genera the tubular calyx is angular or plaited. 

Calyces nearly resembling tlie above arc rendered irregular eitlier 
by a greater extent of disunion taking place between some of the 
sepals, the Intervening fissures being so much decjwr than the others 
that the teeth become assoeiated in two sets, gi\ingj^a hUahiute con¬ 
dition (fig. 182)—ror by irregularities at tlio base, where a sliallow 
pouch renders the calyx gihhius, a deeper one saccate, and a long 
narrow pouch forms what is called a smr . In PeJargotaim. this spur 
adheres to the pedundc. 

In some instances a tubular development of the receptacle or flower- 
stalk simulates the spur of the calyx. 


Mg- 183. Fig. 185. 



Fig. 182. Bilabial** calyx 

Fig. 183. Floret of Scahiom^ the liiiih of the calyx in the orm of hriatlefi {fnppu»). 

Fig. 184. Fnut of Ciekoriuai, csrowit(>d by the persistent calyx n^presentf'd by a ctrelo of spines 
(pappiur). 

Ftg. 185. Section of the penustent calyx, enclosing the ripe coiisnlc, of iryontyamm. 


The free portion of the calyx of Compositce, Dipsacete, and Valeria- 
nacece exhibits a very aberrant condition by appearing in the form 
of scales, bristles, or feathery or simple hairs, constituting w'hat is 
called the pgppw (figs. 183,184). In Oentranthus the limb of the 
calyx isi.undevel^ed when the flower opens, but expands during the 
ripening of the frait into a crown of feathered processes. 

Farther dcjails rnspccting the characters of the calyx are given imdcr 
the head of the P^anth. 

3?76. The duration of the calyx varies much. In the Fapaveracese 
it is eadveous. falling off when the flower opens; if it falls with the 
corolla soon after fertilization of the ovules, it is deciduous ; very fre¬ 
quently it is persistent during the ripening of the seeds, as in Labiatae, 
some Solanace® (fig. 185), Comp<»it® (%. 184), &c.; the upper part 
sometimes separates by a circuit slit, JeEving the base, os in Datura 
Stramonium", occasionally it grows during the maturation of the 
fimit, and is then aocreseent, forming in Physalis and Trifolium 
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fragiferun^ for example, a vesicular envelope to the fruit. In (lie 
Marvel of Peru and otherplants it is marmcent. remaining and grow¬ 
ing into a firm envelope of the fruit. _ 

The Corotbt^ 

177. The corolla is composed of' q}l leaf-liko organs or floral 
envelopes situated between the calyx (i^d the stamens; these are 
called jjeto/s, and may exist in one or fiiore circles. Where many 
circles exist, the inner organs often become stunted or deformed, 
and more or loss resemble barren filaments oj abortive stamens 
(Ififmphcea). Each petal, under ordinary circumstanecs, intervenes 
btitween two sepals. 

Tlie petals are cither distinct, and then the corolla is called poly- 
jteUilmig, or they are more or less coherent (sec § 155), and the corolla 
is monopetaloiis. 

When more than one circle of petals exists, the corolla is multiple or 
double; this is nonnal in certain plants, but is very liablo to occur from 
transformation of stamens &c., or actual multiplication of whorls, as in 
cultivated flowers of the Hose, CameUia, Matmundux, Anemone, &c. 

178. Although petals ^art more than ordinary sepals from the 
character of true leaves mcolour and texture, they present greater 
resemblance in some respects, since they usually have a more or less 
developed petiolar region, which is sometimes of considerable length, 
at other times a mere thickened point; and they are commo^y 
articT^ted to the receptacle. The petiolar portion of the petat is 
called the cImw (unguk), tho exiranded portion the limb (lamina) 
(fig. 186). IPetals are likewise more frequently cut at tlie margins, 
as in tho fringed petals of Pinks and tho laciniated petals of Lydmis 
Flos-Cvciili, or they are deeply divided into lobes, as in irfany 
Oaiyophyllacese (fig. 187), and the pinuatifid petals of Schizopetalum 
&c. In some cases they exhibit nroeesses on the inner face, which 
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The relation of fKese internal scales or processes to the stipules is in¬ 
ferred from their resemblance to the Urpde of Grasses. They are, howeTcr, 
gene wtlly snealang. merely in stwi^ o f ew^'on or excrescences trom the 
petal, tound m a compmauyeiy Xate singe ot' tne development of the latter. 

179. The forma of petals resemble many of those indicated for 
simple true leaves; in addition to which others occur presenting 
curved surfaces: these are called simply conoave , navieular or boat¬ 
shaped, eodi^Mriform or shaped like the bowl ot a spoon, &c.; or they 
may have basal pouches, and bo iphboiis. Baccate , or smrred (tig. 189). 
Others have peculiar appendages al)ove, such as the cfg^s in Polygala 
and the ^mn-ftfcetinflexed pointy in the petals of tSe'Ombollifene. 

The term rotary is vatm^v emnlovcA to indicate certain struc¬ 
tures of varying character intermediate in position between the 
petals and the stamens, and different in aspect from both. 

180. Petals are oitfnarily of delicate structure and coloured, 
whence we derive the term petaloid ^ but they vary in texture from 
a membranaceous to a thick and fleshy condition, such as we see in 
Maynolia, Nympham, &e. 

181. Polypetahva corollas are reyvdar when the petals are equal 

and symmetrically arranged; the individual petals may be themselves 
either symmetric^ or oblique, provided they are all ^kc. Some of 
them have received special names, such as:—the roxaeeotiB. where 
there are five spreading petals; the l Uiaeem s^ where six petals spread 
gradually from a funnel-shaped origin { mn/ephyUacegus, whore five 
petals have long erect claws from which the urabs turn off at a sharp 
a.ngle; where four such long-dawed petals with horizontal 

limbs stand in the form of a cross, as in the Wallflower, &c. Slight 
degrees oi irregularity arise from some petals growing larger than 
others, as in the case of the outer petals of the outer flowers of tho 
corymbs of Iheris, of tho umbels of UmlteUiferce, &c.; but more stri- 

Rg. 100. Fig. 192. 


Pig. 101. 




19a Hover of .Amitfiim vitih tlie Mpeli remorad, •hoving tbe two hammer-headed 
poaterior petals (or neotmtes) with lateral and antenw aoele-Iihe petals, out¬ 
side the Bumenmt stamens. * 

’. ML ffiUuate aeroU-Uke petal (or neotairiof JZirfMoret 
’. ISa Tnbnlar floret of Oai^)oaitia. 
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king irregularity results from unlikeness of the petals and disturbance 
of symmetry in their insertion or point of emergence. The imperfect 
corollas of Aconite (fig. 190), Larkspur, &e. are examples of this; 
and a still more important case occurs in the papilionaeeoug corolla 
of Leffuminosai (figs. 193-195), which is composed of five petals, of 
V. Inch the posterior, the yeanJlum (fig. 194 a) or standard, the largest, 
uBuaUy symmetrical in form, is placed transversely; ,th» two lateral 
(fig. 194.6,6), mostly oblique in form and small, forming the ala or 
wings, sumd right and left with the edges fore and aft; andtSHwo 
anterior (fig. 194, e, c), also small and oblique, •often coljerent in 
front, and forming the caring or heel, also st-and with their edges 
forward. 

Examples occur in the large order Leguminosre of almost every modi¬ 
fication of the papilionaceous corolla, approaching to regularity in jBt^tisia 
for instance, and still nvre in Camia. Irregular corollas exist also in the 
Fumarinceie, in Viola, Balsaminoceee, Pelargonium, Tropacium, &c. &a 


Fig. 194. 


Kg. 106. 



182. The monopetalous corolla has a tube, ffiroat, and limb like the 
monoBcpalouB calyx (§ 174)and similar terms are used to indicate 
the more common r&ftilar forms, such as tubular (fig. 192), ca«i- 
panulate (fig. 196), funnel-sTutped or infundihuliform, (fig. 197), 
ureeolate (%. 198), &c., a few others being requisite for the corella, 
more espec^y such as yytote . when the tube is extremely short and 
the limb spreads at a angle (Anagallis), hypoeraterifarm or 
saher-^oed when a similar limb turns off from a long sliderInW 
{Jasminum, Phlox) (fig. 199), &c. 

183. Irregviar monopetalous corollas often furnish important sys¬ 
tematic charasters; and several ^the forms or classes of forms have 
special technical names.. The limdaie co]^}lla is tubular at the base; 
but disunion soon occurring at one*KmuB, the limb is turned off to 

» 6 
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one side in the shape of a flat libaiid or strap, on the margin of 
which ooenr more or less distinct toeth indicating the five component 


Fig. 190. Fig. 197. Kg, 190. 



1^' cofollft of a G-entian. Fig. IIW. Vroeolato corolla of a Heath, 

xig. 19<. Funnel-shaped corolla of Convotmlun. Pig. 199. il^pocrateriform corolla of Pk/or 

petals (fig. 200) ; this is especially found in the rtiy jlorets (§ 131) 
of Compositie: a modification with the tube and limb wider in pro¬ 
portion to the length occurs in Lobelincea;. The la/nate or bilahiate 
corolla of the Labiatm (fig. 201) is formed by thel;wo upper petals 
of the .limb, which are scarcely at all separated, and stand apart 
from the three lower or anterior petals, which also are only partially 
separated, forming a lower lip opposite the upper one and projecting 
forward from the throat of the corolla: sometimes the upper lip is 
concave, and is then termed galeate, or hclmct-likc; in other cases 
{AJitffa) it is almost abortive. 

Almost every modification of this form occurs in the Labiatm, ap¬ 
proaching to an almost regular tubular corolla in Mentha. This form 
ocoars also in the florets of some Compositae and in those of various Dip- 


Fig. 200. 



ng. 200. Idgolate floret of Composite. 

201. BiU)late oorolla ot Salvia, 

Vif. SOS. OoroUa of Pinvntoi, biUdSato imtmotaie, bat tiie Mgmtnta ipTeadiiig like s nOstc 
ooffollfti 



THE ELOHAX EKTEEOFXS—COBOIIA. 


107 


sacere, where, howerer, the uppr Kp is 3-lobed and the lower 2-lobed; 
in the Ilonysuckle the upper hf contains four petals, and the lower is 
formed hr a solitary one. Veronica has an irregular corolla intermediate 
between 'bUahiate and rotate (fig. 202). 

184. The personate or mask-like corolla is rather indefinite in 

rm: the ty^ o^ it occurs in Antirrhinum (fig. 203), which ap¬ 
proaches the labiate form; hut the throat is closed by a|pbbous pro¬ 
jection (forming the palate), giving the front view the appearance 
of a m^ with,a broad-lipped month. 

This is accompanied by a similar gihibow condilioK of the base of the 
tube in Antirrhinum, and by a spur in the same situation iit Linaria. 
Aberrant forms of this type occur in Calceolaria, Utrieularia (fig. 204); and 
it runs into the lalmite form by such corollas as those of Melampyrum &c., 
becoming tubular in Digitalis. Forms allied to this occur commonly in 
Bignoniacea-, Gesneracem, Aconthaccm, &c. 

185. When the thrftat of a bilabiate, or irregularly lobed tubular 
corolla is widely opened, it is called n'nqmt or gaping. 

180. Petals when distinct sometimes exhibit appendages on the 
inner face wliich have been interpreted os stipulaiy, as in Lgchnis 
(fig. 188); in llanuncuhis we find a minute scale at the base, and in 
Parnassia a laipdsh scale, simple or divided, and of glandular cha¬ 
racter. In monopctolous corollas we often find a dreU of scales in 
the throat, either free or confluent into what is called a coronet 
(corona), sometimes developed so for as to produce a long tulJe'pro^ 
jecting from the throat. In other oases there is simply a ring of 
hairs in the throat (Mentha See.). 

In most cases the scales are opposite to thie lobes of the ooroUa 
(fig. 205), rarely alternate and opposite to the sinuses. 

Fxomples of circles of scales in the throat occur especially in*the 


Fig. 206. 



S*’ ' Ilg. 904. Fenoute oondUef CTrimlarta. 

306. bmhoikh Ailower of a BOTagiiiAOOonsplau^te&owi&ff loftiM ia the tiiroattbetw^M 
the ■temwii. 
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Borapiuu^ {Myogatit, Symphytum, &c.), in Cuseula, &c. In Narcimu 
poMieus and other species tne corona is a complete rinpr, while _ in N. 
pseudo-nareimu (the Daffodil) it forms the deep yellow tiihe projecting 
from the centre. Some authors attribute these structures to cAonsts, 
and derive the explanation of opporite stamens from them (§140) ; others 
, regard them as representing p, circle of regular stamens in an abortive 
condition; and the alternate scales of Samolm may represent on alxirtive 
circle of stamens, as this would restore the symmetry of the floww. 
Usu^y they are mere outgrowths from the petals, formra by emAim at a 
late stage of development. • 

These structures/by a confusion of terms, have been called nectaries and 
nectarifttous scales (§ 179). The terms scale and corotiet are 
more exact and convenient. Fig. 200. 

187. The duration of tho corolla is mducmui, deci- 
dvmt, ai persistent, like the calyx. Occasionally it falls 
away in part by a circular slit, as in Orohpndie and 
Bhinanihus, 

In VUis the caducous coroffia separates from the rec^acle°SJ^’^„®®’' 
at the bases of the petals, which cohere above and foil off urtaiB, cohering 
like a little star when the flower opens (flg. 206). The 
corolla is mostly deciduous ; it is persistent m Campanula, ahaped piece. 



The Perianth. 


188. This has been defined as consisting of the fioral envelopes as 
a whole when composed of two circles of similar organs, or of one 
circle (a calyx only) when tho general character of the Order is 
Monochlamydeous. 


Attempts are sometimes made, in cases where a single circle only exists, 
to '‘distingnish whether this should be called a calyx or a corolla; if 
a single circle of stamens stands opposite to the lobes, we may suppose a 
corolm of alternating petals to be suppressed; if the stamens alternate 
with rile lobes of a simple pei^th, nothing would appear to be stm- 
pressed between them, and in this case we may suppose that it is really 
the calyx suppressed. 

189, A large number of the If onocotyledonouB Fig. 207. 

orders possess a petaloid perianth; that is, there 
are two ciroles pf petaloid organs, which, from 
the^r resemblance, or their act^ coherence, have 
the. appearance of a single hexamerous whorl. 

This pepanth may bo regular (fig. 207) or irre- 
qular, like the normal calyx and corolla; it may 
bepolyphyUous at monophyUows; and Ike outer- 

eir^ may difier to some extent from the inner - ^-^_ 

in fonn, size, and colour, wiriiout oriier irregu- ^**'^*°*‘* “ 

larity. The forms are dgsciibed Iw Ike same 

terms as those used for Ike calyx and ooroUa (§§ 175 & 182). 
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We have a regular poljphylloua perianth in the Tiilip and lol^, a 
regular monophyUoua poriwth in HemeroaUlis, OmvaUaria, Tanma, &c., 
a regular polyphjllous perianth with unlike circles in Irit, and irregular 
polyphylloua perianths m Zingiberaceee, Orchidaceee, &c. 

190. The irregular prarionth of Orchidacese (figs. 208 <Ss 209) re- 
qr ires especial mention, as the Order is very large, and the characters* 
of the jicrianth peculiar. There are three outer organs (a, a, a), 
more or less alike, and usually smaller than the inner ;ot the inner, 
the latefal (6, 5) arc smaller than the posterior (6'), called the lip 
(or lahellum \ which is often excessively devdopei, and even divided 
into regions which receive separate names; in many of ohr native 
Orchids it possesses a spur (fig. 208 6*). 

191. The ijorianth of the Palms, of JuncaceoB (%. 210), and other 
Monocotyledons is composed' of scale-like, fleshy or membranous 
organs, either free or .confluent, approaching to the condition found 
in the Glumiferse, 


Fig. 209. 



Kg. 208. Ktwer rf an Orchia, awn in ita natural poaition, where, owing to the twiatine of 
t^ infenor ovary, the anterior part ia above and the poatenor below, S 
a M prolonged 

rig. Oroond-nlw of the flower, with the aame referenoea. 

210, Flower of Lueula : 6, the 6>ineroua eoaly perianUi. 


192.^ The perianth of the Monochlamydeous IKcotyledons is very 
varied in form, texture, and colour. It may be monophyllous or 
polyphyJlous, and then regular (fig. 211) or irregular (fig. 212), and, 
morrovCT, peUUoid or sepahid. It is reduced to the lowest state in 
the Poplar (fig. 213), where it is a mere membranous cup; and it is 
absent in the allied genus Saliai, as also in the Ash (%. 214). 

A monophyllous coloured, regular pepanth exists in ThymelBces 
(jjapme ); mo dull-coloured monophyllous perianth of Atitiolodhia is 
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irregular ffig, 212). The irionophylloua sepaloid perianths oi Ulmutmd 
CWonea (figs. 215,210) &c. are regular; the poljphylloua sepaloid perianth 
of Urticacete is also regular. In Tolygomim, the i-egular incmophTllous 

E ' erionth is partiallv petoloid, while, in the smne Order, Jtmiwx ana lOimm 
are a double circle of unequal, wholly sepaloid oigans. 


Fig. 212. 



Fi;^, Sn. Engnlar perianth of .4wTr«7n. 

Kg. 213, Trntguhtr |H-rianth otArMalockia ClemaiUis. 

Fig. 213. Flower of the Poplar: i , from a male catkin ; 9 ■ from a female catkin; 
each with an alHirtiTc perianth. 

193. The perianth of the Glumiferous Monocotyledons requires 
special mention. 


Fig. 215. Fig. 216. 



2U. Naked flower of Aah(JVtu^iM(« asofliior). 

|ig. 216. Flower of tbo Elm (U/mu«), with a re^lar S-toothed perianth. 

Fig. 210. Involuore or voung cupnle of the Crieatnut(Ccwfanea M«c 0 )t with two female 
flowers, each baring a regular periuith. 

» 

La the Grasses, as already mentioned (§ 126), the flowers are home 
in spUeeUtt, associated in spikes, or panides. A spikdet of the Oat, 
for example (fig. 217), eii^ibita at ite base a pair of green mem¬ 
branous scales, the fjlmm ia. a), more or less endosing all the inner 
parts: these are r^arded as bracts, forming a kind of involucre; 
f$A .within them are found one, two, or nurre flowers. The flowers 
^tpipBeed one another alternately on a reuikit ; and each is composed 
'pf two scales resembling the glumes, but smaller, called ooZesjfpo^ 
i fc dkaneUee) (figs. 217-219, h, h '): the outer one of uese u ite 
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larger; but the inner one is forked at the top, and often has two 
distinct principal ribs; hence it is regarded as composed of two con¬ 
fluent parts, making, with the outer free one, three sepals. These 
pales or calycine scales often bear a projecting bristle ( a«>w. arigfa) at 
the top or on the back (flg. 218 &*). Within Ae pales (iig. 210) occur 
tw ■, or in some Grasses three, little bypogynous scales {lodimAai, 
X, x), regarded as abortive petals; and to these succeed^e j 
and pistil 



Fig. S17. ^likolot of the Oftt: a,a,glimiefl: A. 6, the onter pales of the two florets. 

Fig. 218. Oiu*fiurBtdeta4‘hedaiidopeTied:ft,thooot(!r]HiJo(withanawnb*); the inner fmie. 
Fig. 219. The same, znognifled, with the outer pale remora: h, (he inner (double) pale; 

the lodicMM or hypc^iioua scalea repremmtinc the petals, within which ore the 
three stamens and tl^ ovary, with its double feathei^ stigma. 


Some authors regard the pales (especially the outer one) as well as the 
glumra as bracts. The hypogynous scales are three in number in Stipa, 
restoring the i^munetiy. The upper glume is somotimt^s abortive, as in 
holkm, while m Nardm both m-e absent. In Alopeeurm only one pafe is 
developed. The spikelet often contains one or more imperfect flowers. 

194. The perianth of Cyperaceas, where it exists, presents a still 
rimpler conation, analogous to that in the Ament^erous Dicoty- 


Kg. 220. 



S?" of swrp«», the essential organs snrroonded a drole of bristles. 

flif« wi. iremale flower of Carw: o, the per^gyntwm* or perujith, in the axil of a bract; 

0i the tabular ont o^a Tertioally, to Aow how it mzToands the postU. 
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l^ons, and in some cases is abortive. In Seirpm (fig. 220) it con> 
sists of a circle of bristles; in Eriophorum it is a tuft of hairs, 
which grow out into.a “look” of cotton as the fruit ripens. In 
Carex (fig. 221) there is an urceolate or infiated tubular periauA 
{pmgynivM or utrkvlm) simounding the pistil of the fcrtQe or 
female flower, which stands in the axil of a bract j Cyperm, Cladium, 
&c. have thp essential organs naked in the axil of a bract. 


• Sect. p. Tux Essxnxiai. Obgaxs ox PintrxBs. 

195. The essentia organs of flowers consist of stamem oxApistih, 
both of which are present \a perfect flowers, although these latter may 
be incomplete, from the absence of floral envelopes. In diclinous or 
unisexual flowers the stamens or pistils exist alone, and the flowers 
are consequently imperfect, . ' . 


As the stamen possesses a determinate physiological function, there can 
be no onrsjis vhvxioloaicalhi intermediate between " • • ’ '* 





stale 18 inai oi one or more gianumar papiute, mon tne receptacle, as in 
the Crueiferaj ($ 1^). In the Crasaulacoae (Seditm, Senpervimm) we 
find a circle of glandular bodies outside the carpels 
and between these and the stamens. In CiAeea, the Fig, 222. 

Vine, and other flowers, there is a five-lobed hypo> ^ 

gynous disk, the stamens being inserted outmde or fw 

between the lobeS. In Citrue (fig. 222) the disk // 

forAs a perfect ring round the ovary. In Gmdtheria A 

there is a double cdtcle of scales between the stamens 
and the ovary. On the other hand, in Vinea there 
ate two glands, alternating with the two carpels of 
the ovaiy. _ The study of these structures is very in- 
tetesting, in regard to the reduction of irregular IW 

t ^ers to regulartypes. Some of the stmetures are nower of OKr«»wifli the 
imentarypetals orstamens; and in other eases they petale ud itoem »■ 
referable to developments of the receptacle itsetf, 
BtitntingwhatDeCandolleBamedthetortM($I60). ™ 
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]96. Tho calyx and corolla having distinctive collective names, 
analogous terms are sometimes used for the assemblages of stamens 
and pistils of a flower: the staftiens collectively constitute the g»- 
flrcecium ; the combination of caxpeUary organs forms the 


The Stamens, 

• 

197. Tho essential character of a stamen is, that it iarthat organ 

in which preformed the the bodies by means of which 

the fertilization Ijf tho ovules is eflccted. A completely^eveloped 
stamen (fig. 22.3) exhibits two principal region^ the ^mament or 
stalk (a), coiresponding to-tho petiole of a leaf, and the gwwter (feb 
torrt'sponding to tho blade of a leaf—^which is a hollow body con¬ 
taining the pollen, and is therefore the only essential part of the 
organ: the filament may be wanting or merely rudimentary; and the 
anther then remains sessile, like a leaf-blade when the petiole is not 
developed. The normal position of tho stamens is between tho 
petals and the pistil; each stamen, under ordinary circumstanrass, in- 
Icrvenes be^ccu two petals or is alternate with them, and therefore 
mporposed or opposite to a sepal. 

' Tho base of the filament or of the so-called sessile anther, is usually 
trtieulatefl to the receptacle vfhen these organs are free (§ 167); but 
his condition is more or less dl^ised when the stamens are adherent to 
he calyx, corolla, or ovary. 

198. Sterile filaments, i.' e, such as are devoid of authors, occur 

n many flowers in regular drcles (§ 162); and not unfrequently one 
)r more stamens exist in this condition in unsymmetifir^ flowers, 
iometimes those ^taminodia are reduced to mere scales, as in the 
)dd stamen of Seroj^vlaria (fig. 224), or to glandular papillae, as In 
he flowers of many Cruciferae. . 

199. The filament, in its usual condition, is a slender thread-like 
trJk to the anther, and in this state is termed filiform. Sometimes 


Fig. 223. 



Kg. 226. 



^ n ^ flluMat: ft, the anther. 

3S4. Corolla of Seropkularia laid open, ahowing the four didrminrai ****"<"«• the 
porterior banrea one, or atimlnode. 
otamen (jtAlUtmt a triM 
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it is aimoBt hair-liko, and incapable of supporting the weight of the 
anther, when it is ^ Grasses; while it is still more 

frequently thick atTheTase, diminishing gradually upwards, so os 
to become awl-shaped or In a few instances (^Urtim) it is 

moniliform. or like a row of beads. In other cases it is more or 
less expunged into a condition, as in JS’rofZjMjn; in Campnnttla 

it is expanded in this manner at the hose. Ormthogahm has the 
filament dilated in this way throughout. The dilated fihiment 
sometimes oxliitutB divisions : In Cramhe it is forked at the summit, 
the anthsr standing on one point; in Allium (fig. 225), Ati/sintm 
ealychmm, Omithm/ahnn nutans, &c. the filament terminatos in three 
teeth, the middle one hearing the anther; and in Allium sativum one 
of the lateral U'eth forms a kind of tendril. 

In some plants, as in Mallows, some MyrtacGsc, Hifperieum, &c., the 
stamens are very numerous and are arranged in tascicles. liiestudy 
of the development of these ftowers shows that in most cases these 
fascicles are originally single organs, which become subsequently 
divided, or rather branched, so that the fascide of stamens in such a 
ca^ may be compared to the comnoiind leaf. 

S/IiiT. Appendages of other kinds arc also^et with, such as a pair 
of fflamltdar processes , standing like stipules near the base, in liiu- 
raceai {fig. 253), a single smtr in Rosemary; while in Borwjo the 
filament appears to arise oii Ihe feec of a scale-likc body, and in 
Simala and Larrea it stands at the back of an analogous s^c. 

The Bcaln-like organs situated at the base of filaments, or connected 
with fascicles of stamens ( Tiliaceee^, are by some regarded as furnishing 
evidence for the doctrine of charms (§ 149); but they are more probably 
merely barren lobes of compound stamens. 

201. The anther has a typical form, which is subject to very great 
modification in different cases. A reepdar anther (fig. 22.3, h) is an 
oblong body, divided perpendicularly into two the division is 
usually marked by a furrow on the face, and a ndge on tho hade 
(or dorsum). Tho central region, which is solid and represents the 
midrib of a leaf, is called the connedw ; the lobes are hollow dila¬ 
tations of the lamina, and contain the pollen. At each border, 
usually rather toward the face, is a vcrtienl line, called the stdurCj 
indicating the place where one class of anthers split open to discEarge 
the pollen. 

202. The anther is attached to the filament in several ways : if 
the filaiment runs directly without interruption into the base of the 
connective, l&e the stalk of an ordinary leaf, it is said to bo tywafe 

; if the filament runs up the back of the anther as it were, 
ib that the latter is more or less free at the base, tho anther is 
or ; if the filament is attached by a slender ap 

to about the middfo of the back of the anther, the latter is vemnti 
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In the Tulip, the capillary point of the anther runs up into a conical 
pit in the base of the connective. 

203, The modifications of the anther result, from Fig. 220. 
various causes—from development of the conn^tive, 
from the ^cscnce_of,ji^ndag^ from vmadon_2 
forni ■){ |;ho anther-lobes, and lium special conditions 
of*tlio internal celL^ ; and there are also important 
^ffercue'es in the manner of bursting, or dehiscence, 
fat the difchargo^of the poUon. 

204. The connective is normally a solid rib, r\pi- 
ning up the middle of the anther. If the lobes of the 
antlior extend upward or doumwaid beyond it, the 
sumiiiit or base of the anther (or both) Incomes 
emiifrnnate . On the other hand, the summit of the 
connective is prolonged in a membranous forman Viola, 
and also in the CompoStm. In Paris (fig. 226) the stamen ^ 
apex is lengthened into a point, also in Asamm, 

Magnolia, &c.; in Xylopitt into a fleshy mass; in the Oleanders into 
a feathered process, In two of the stamens of Viola the base of 
the connective has petaloid spur-like appendages; and still more re¬ 
markable states occur in the Molasiomaccoc. 

At .other times the connective expands transversely, so that the 
lobes become more or less separated j in such cases it may be m>ate, 
orbicular, <fec. (Melissa, the lime-tree, &c.). This is especially the 
ease with the lower part; and examples may be found illustrating 
this point, forming a scries from the state where the bases of the 
lobes are but sightly separated, to that in which they arc inclined 
together at the summit at an angle of 45° ( Vitex); or, further, tho 
bases are^arried out and up till they are horizoutd, as in Htnrhus, 




^g. 229. 



Tig. 227. Stameu of Salvia offieiMli*, with a hiUf-anthcr coutadniDe poUen and the other hall 
Jj^n, separated by tho biftircatioa of the oonnectiTe from the summit of the 
nlamont. 

Si*' SS' 9™“P «tamen»with nnuiae uithen,of thetBule flover of ■ O-ooid. 

229. Stamen of VaeoitUunn uligintmim. 
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PrundJa, &o.; while in other instanees this goes so far that the 
conneotive grows out into two distinct arms from the summit of the 
filament, bearing the solitary anthor-oells at the tips: in JScUvia 
(fig. 227) one of the lobes is abortive, and represented by a petaloid 
plate. 

205. The Icbes of the anther are commonly oblong ; in the 

Ghrasses they are linear : but they vary with the form of the con¬ 
nective, and are somebmeahwa<«or»mtj^rm. In the Cucurbitaceoe 
they are remarkably convoluted (sinuate) into flat scroU-likc 
form (fig. 228).-. Not unfrcquently tSiey ire attemrated upwards 
into frte pointo, as in VaedruHm (fig. 229); in the Mclastomaceec 
the two lobes become confluent into a tubular process at the summit; 
while appendages are occasionallv met with at the bases of the lobes, 
as in (5g. Ac. , - - - 

206. The lobes of iHost anthers exhibit internally four cells (or 
fowK) i n the early stages of development, each lobe being divided 
into two by the Keptum extending from the eonnective to the suture 
(%. 231). The soptum is more or less destroyed during the matura¬ 
tion of the pollen rn'^most cases, leaving the anther two-edled, or 
Moetdar (fig. 232). _ In some cases the internal substance of the 
connective is likewise absorbed, producing a true towTocalar anther, 
as in AlchemiUa add in Halvaccee. In other cases the four cells are 


Kg. 280. 


Kg. 233. 




8S0. Btunen etSnea einerea, 

^.S3L 

St- S- <rf» bilocnto uitber (fte lepte turn been sbwHMd). 

Fig. W3, Vtemen Xouritf Fmca, hsTing » Voelled antiier with openalar dehiioence. tnd 
twolrfwlet at the rftha fllmanssnt . 


retained perfect, as in the ottodnlocutor anthers of BtcUmtu, where 
they are, parallel, and of some lAuracem, where they b^me oblique 
so tiirt#e summits are all turned towards tiie fiioe. The dimidutU 
nnilodpr anthers of Oomphrena and Salvia are so railed .from^eSg 
onlyJWves of angers in which one, Jobe is abortive or suppressed. 
Jinofiloas toe-oeled adthezs occur in Polygala. The nTiilnw ilai- 
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lateral authors of the diadelphous stameus of Fumariaccee are 
dimidiate. 

207. When the anthers are mature, the ceUs or loculi open and 
diseWgo the pollen. This dehiscence takes place in different ways; 
it may be stUnraj,, porous, or fipereular . 

turn! oi^iscenocwthe opening of the waUs by splitting down 
vertically at the sutures, and turning back like folding doors; this 
is the more frequent case. A transverse slit ii formed fti the uni¬ 
locular anther of ^Ivhennlla, in Lavandula, and in Lemma. 

Porous dehiscence is where definite ori^es ar^ formed at some 
point of the \tall of the loculus, as at or near the Summit in SiXanum, 
Ericacem (figs. 229, 230), &o. 

dehiscence results from the partial separation of a por- 
tioh of the wall of the Ibculus, in the form of a kind of lid, as' in the 
Berberry, where the &ont of each cell splits off at the sides and base, 
and turns bock as if hinged at the top. ' In the Lauraces (fig. 233) 
we find either two or four little lids off tMs kind, opening the two or 
four*oclls of the anthers. 

208. The stamens of the Gymnospermia present remarkable con¬ 
ditions, which require separate notice. 

Among the Couifersc, the stamens of Pinus constitute the entire 
mole flowers, and are conjoined into male cones, each anther forming 
a scale of the cone; they are bract-like plates, bearing on the lower 
face two parallel anther-lobes (bursting longitudinally^or irr^^arly), 
beyond which the connective exteu(b more or less as a scale-like 
process. In Cujaressus the form of the anther is exoentricaUy 
peltate (§ 89), the lobes, throe or four in number, standing under the 
overhanging connective; aqd it is similar in Juniperus and Thvjfi. 
In Taxus peltate connective is more symmetric, and radially 
grtoved above, having from three to eight vertical anther-lobeS* be¬ 
neath : some authors regard this as a group of monadelphous stamens. 

In the Cycadacem, where the anthers are scattered in large num¬ 
bers over the lower face of the scales of the male cones, they occur 
mostly in the form of groups of four simple anther-lobes, with longi¬ 
tudinal dehiscence and arranged in the form of a cross. These are 
mostly described as parcels of tmilocular anthers. , ^ 

209. The stamens, taken collectively, present a humber of ch|i- 
racters, whidh have received technical names. The number of sta¬ 


mens in a flower is indicated by the terms nion^andj^^ di-androtis, 
&c.; when more tiian twelve exist, the term Tpoiu-androus is em¬ 
ployed. When the number of the stamens weqSTt^or some 
multiple of, the number of petals in the corolla, &o., the flower is 
1 ', when the number is different (as in ScrophulariacesB 


1 .) the flower is anisosUmowM . 

210. Tvo cased of ineqimiiiy of len^ili of* the filaments are 
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distinctly namod, viz. the dklvnamous condition (figs. 234 & 235), 
when there are two pairs stamens, one paiclongor than the other, 
characteristic of many irregular Monopetaiws flowers (Jjihiatffi, 
Scrophiilariaceo!, &c.), and when there are 

four long stamens and two s'iibri ones, c^^actcristui of the Cruciferse. 

211. The term inelwUd is cmiiloyed to denote that the Stamens 

do 7iot reach beyond the corolla; ea^erted, that they are protruded 
from it; \fhilo dedlmte means that tiic exserted stamens are all 
curved over to oho side. - 

212. The stan'.ens are subject to apparent oonflucircc or cohesion, 
like thb other organs (§ 154). If tho filaments arc only partially 


Fig. 234. Fig. 236. 



Fiff. 2B4. Corolla of Gleekoma, laid open to show the didynamooB stameiiB. 

Fig. 235. Corolla of Viffiiaih, laid oiHsti to idiow tlire didynaraoQB Btamens. 

Fig. 236. TetnulynamouB etanienH oi the Wallflower Btumanding the pidtil, tho floral outc- 
lopes being rumoved. 


separated so that they form a tube surrounding the stylo (or a 


Fig. 238. 



Kg. 237. Uonadelphona Btuapns clXahm. 

Tig. 238. Diadelphous ataiaenB of IwguminoBe. 

Fig. 232. Qn)ima.^lui of a FapUiontwou flower with diadelphouttameiu (tite little dnlea 
round the golitary eaniel). 

Fig. 3t0. Triadelphoni or poljude^oua etameni of Sgptrieim •ggptkmm. . 
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column in a staminato flower of a diclinous plant) (fig. 228), the 
staipens are monadelvJioug (fig. 237), as in Malvaccse, Canullia, &c. 
In Fumariacea) tliey are coherent into two equal parcels, while in 
many Lcguminosaj, of ten stamens, nine are united together and one 
free: these states arc called diadelvhovs (figs. 238 & 239). In 
Hvvcricaceffi wo hiivc triade^iom (fi^ 240) and j)enta<lelph(im 
states; but these, as also the state in Aurantiacese and various 
Myrtaccaj, are generally denominated ‘polyadelylMus («ee § 199, 
compound»8taraeus). 

213. jfimiinu/iom signifies that the filaments are free, but the 
anthers coherent (fig. 241), as in Compositm'and Lobsliaccic. 
Gii mndtvus indicates confluence of, or want of separation between, 
st imens~antt pistils, such as occurs in Orcliidace®, Asclopiadacea), 
AristolocJiui, <fcc. (tig. 242). These terms, together with those de¬ 
scriptive of adhmon, jterigynous, ejtigynom, &c., have already 
been explained (§ lf>7), fts also tho meaning of &o words mmicecious, 
dufriowt, &c. (§ iol). 

"M4. IJsually what is called the/oce of the stamen is turned 
inwards towaid tlie ovary, and it is then said to bo hvtrorse ; but 
sometimes the reverse state exists, and the face is turned towards 
tho floral enveloj)e8, as in ManunciUws, Colehicum, &c., when tho 
stamens are termed extrorse. 


Fig. 241. Fig. 242. Fig. 243. 



Jfiif. 341. SynmnpBionB BfcanicM of CompoaUe: fr.iho anthers anironnding the style 
sheath; d, tiie anthers remoTed »nd spread out, ohon^^ingr the free iilamentv 
Fig. 342. Section of the lower |>urt of the perianth of 44r»»/otodtm,Beat^ on the inferior owy. 

In the cavity of the periantu is seen the atyle* with the adherent imthera J^ion 
its mdes. 

Fig. 243. OlavateixiUen-inasB of Orelis, prolonged below into a caudio^r, by whldi it nihLchcs 
itself to tho ro9tellum of tho stigma. 

215. The PoU^ discharged from the anthers, consists in almost 
all cases of a fine powder composed of microscopic vesicles; the form 
and appearance of the grains vary much, and will be spoken of 
hereafter. The pollen of the Asclepiadaceae and Orohidacem, how- 
has a great peculiarity, in remeuding permanently coherent 
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into masses, often of a waxy charaeter. In Orchidaoefe the pollen- 
masses, or volUnia, are either single in each loculus of the anther 
(as they are in Asclepiadacc 8 c), and then often furnished, as in Orchis 
&c., with a stalk-like process, called the mudiele (^g. 243), termi¬ 
nating in a gland-like base ( retinaculum) , by wliicli they readily ad¬ 
here to the stigma or to foreign bodies, such as insects; or the 
polHnia are two or four in each loculus, and devoid of a caudiclc; 
sometiines'tho poUinia are numerous, and form merely a loose 
granular mass. • ^ ‘ 

The external ch»racter8 of the pollen-grains, their structure, and sub- 
sequent'history will be treated of m the Third Part of this work, os they 
belong to the microscopic anatomy and the I’hysiology of Plants. The 
form of the pollen-grams is generally constant in the same plant; but 
great variations ore often found within the limits of Natural Orders, so 
that, excepting the Orchi|dacea) and Aaclepiadacero, and a few other groups, 
they do not anbrd any very useful characters in Systematic Botany. 


The Pistil. 

216. Tlie central essential organs of flowers, composing tho pistil, 
consist, like the outer parts, of modified leaves; these constituent 
leaves are called carpels. The ]>cculiar character of a carpel is, that 
it produces mules, the rudiments .of the seeds—usually uiwn the 
margins, but occasionally on other parts of tho internal surface. In the 
Gymnospermia these ovules are developed upon the edges or surface 
of expanded carpels. In tho Angio- 
spermia, comprehending the great 1%. 244. Fig. 245, 
majority of Flowering plants, the 
carpels are folded up, either singly 
(fig. 244) or collectively, with the 
margins turned in so as to place the 
ovules in the interior of a hollow 
case. The case thus formed, en¬ 
closing the oviides, is called the ovary 
(figs. 22‘44t 226, a, a'); the upper 
of tho carpel is frequently at-» 
taiuated int() a slender column called 
thq style (e), atf tho extremity of 
which is a terminal glandular o^ce ^ 
or Stifftna (b, 6 ), the borders of rig. 344 . simple pi>til of a, the 

which are often more or less j, the eOpMia. 

thickened or developed into pro- 
cesses of various kinds. Bomotimes 
the stylar prolongation does not 
exist; and thma tho stiyma is sessile 
upon the ovary. 



Pig. 246. 



ovan . _ , ___ 

Tjg. 245. fiaine» c^iened, to show the 
jfovU mthin the ovai^. 
fiff. 246. Cross sootion of the itistil of 
shelving that the ovule arises 
from the placenta at (xmiluent majgins 

the carpel. 
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The pistils are undoubtedly formed of carpels (carpellaiy leaves) in 
most instances. Some vrritors do, indeed, consider them to m formed in 
certain families by an expansion of the receptacle or axis of the flower: 
but it is the imneral opinion that the carpels in such cases are imbedded 
within the hollow receptacle. 

The foundations of the carpellaTy theory, and of the doctrine that the 
cornels are metamorphosed leaves, rest upon a very wide basis. The fol¬ 
lowing oWrvations include examples of some of the most important 
classes of proofs:—1. The carpel gi’dinarily possesses more ^of the cha¬ 
racter of a true leaf, as regards texture and colour, than the stamens or 
petals—approachigg to the sepals, which we hare seen to pass insennbly 
through the bracts (§140) into ordinary leaves. resemblance is 
sometiines heightened during tlie development of the fruit as we see in the 
leeuraes of some s{iccios of Cama, tmd still more in the oladder-like pod 
of ''dutia. 2. Abundant examples exist of the substitution of petals for 
stamens and pistils in abnormal flowers; and an almost equally common 
monstrosity consists in the substitution of isolated stunted green leaves for 
the carpels. In the Double Cherry, cultivated iilshnibberies for the sake 
of its blossom, the stamens are generally replaced by petals, while the 
centre of the flower is mostly occupied by a pair of green leaves. (The 
singte, fertile Cherry frequently nas two pistils developed instead of 
one.) In a coiiuuon monstrosity of the White Clover, the pod is usually 
replaced by a more or less perfect green leaf; the same occurs in garden 
Koses, where tufts of green leaves rtplace the pistils; and, in fact, 
examples of this kind are very abundant. 3. The more or less stunted 
green leaves which npreseut the carpels in the above-mentioned monsters 
fequeutly exhibit on their margins structures varying in character from 
almost perfect rudiments of ovules to ccUuIor papillte and leafy lobules. 
This is obw>rved in the luonstrnns Clover, and has betm especially remarked 
also in monstrous flowers of cultivated (forced) Tulips, of various Cruci- 
ienc, Ilauunculaceee, Scrophulaiiacem, &c. The ahnoimal conditions in 
these cases are analogous to the uonnal condition in Coniferte and Cyca- 
dem, tlio Qymnosperins, where the ovules me always naked on open 
c.iruyl8. 4. The production of ovules on the margins of carpels is ando- 
gous to what is seen in the develramont of adrettfMious btids on vegelitive 
loaves, as in Bryophyllmn &c. Such buds, however, occur sometimes on 
tlio upper surface of leaves; and we find some carpels, as in Nytnphm, 
Uutomug, &c., with ovules developed more or less extensively over the in¬ 
ternal face. 6. The disposition or orraugeiaent of &e vascular bundles 
is that of the loaf, not that of the branch. The structure and mode of 
growth generally are those of the leaf and not of the branch.' 

217. The region of the carpel whence the ovules arise Is called i 
pfacoite; and when in Angiospomions flowers the placentas are clearly 
and distinctly marginal, they must of course be doMe, from the 
meeting of the two edges; the same is true of the sf igrmtie surfaces. 
The line of nnion of the margins of carpels constitutes the ventral 
jutere; the line corresponding to the midrib of the caipoUary’ leaf is 
tho dorsal suture. 

An exceUent example of a simple typical pistil formed of a single carpel 
18 aflbided by the legume of the Leguminasse; as, for jnstance, in the 
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Sweet-pea, where we find the ovan, with a rentral and doisal suture, 
narrowed aboFe into a short slender style, terminating in a- slightly 
enlarged stignio. 'Wlien -we open the ovary, in the way it is broken in 
shelling peas for the table, we nnd tiie placentarj' luargiua separated at the 
ventral suturo) each carrying away half the ovules, demonstrating clearly 
the double character of the placenta. 

218. Pistils differ extremely in dUforent plants, from dissimilarity 
in the number, degree and mode of union, and relative development 
of the difi^rent regions of the carpels, to which are added the pecu¬ 
liarities arising from adhesion of the outer circles.. 

219. The nuijJ)er of cari»els is most frequently loss than that of 
the organs in the outer whorls, being very frequently reduced to 
two, and often to one. On the other hand, multiplication of the 
number is met with in certain Orders, where the receptacle is gene¬ 
rally more or loss enlarged to make room for them. 

A large portion of the Monopetnlous Dicotyledons, with a quinary ar¬ 
rangement of the calyx and corolla, and often of clie stamens, have dicaipel- 
laiy pistils, as Gentianacete, Apocyniacea), Solanaceie, &c. Tjegiimiiiosm 
with quinary flowers have a solitary carpel. The agreement of the uiimher 
of carpels with the other organs is almost tmiversal in the ternary flowers 
of Monocotyledons, as in Taliaceie, Tiidaceae, Orchidoceaa, &c. Multiplica.- 
tion of car}>e1s is especially frequent in the Konmiculacoas, Magnoliaceoi, 
and some other Orders. 

220. A most important sot of conditions arises from the phenomena 
of cohesion in the carimllary circle. In the tyjiical iristil above 
described, and which really exists in Leguminosm (for instance), tire 
organ, being composed of one carpel only, is simple. A earjrel inny 
be solitary in a flower, from suppression of the remainder of the 
circle; or there may be in the same flower several distinct, i. e. nn- 
cembiued carpels, as in Larkspur, Aconite, Magnolitt, Saumieulns, 
Fraguria, &c.; in these cases the term multiple pistils is occasionally 
used, or we may say carpels distinct, three, five, or numerous, as the 
ease may ho. The term rwoeanMus nislil includes both the solitary 
carpel and the multiple pistils. In the case of multiple pistils, w'hero 
the receptacle is flat the owrpols are in whorls ; but if the receptacle 
is elongated the carpels are arranged spirally, as in Magnolia. 

\ 221. Where, as very frequently happens, the oaiq>el8 cohere to- 
nihor, as the stamens do in the condition caUod monadelphous, a 
ayacarpous or comftound pistil is formed; and as the carpels occupy 
the apex of the receptacle, they do not form an open organ, like the 
tube of filaments an Malva, for example, but a closed case, appearing 
externally like a solid body, mostly with ridges and grooves on the 
outside, indicating' its compound nature. 

The union varies very much in degree: even in multiple pistils 
we find the carpels sometimes cohering strongly whUo young, and 
separating on^ as the seeds ripen; and in true compound pistils the 
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union does not always extend to the summit of the ovarian region, 
as we ohsen’c in the Saxifragacem, where the apices of the ovaries 
diverge. More frequently the ovarian repons are firmly coherent ; 
and then the styles may Iw wholly free—Pink, Sikne (tig. 174), Ify- 
liennim, &c.,—A)r united part of the way up—us in some Malvace©, 
(fi>/ 247),—or entirely, but with the stigmas distinct (as in Gei-a- 
niitm, &e.): or the stigmas may also be confluent (PrimulaccK, Sola- 
nacea', &c.). Sometimes, however, the styles or stigmas^xhibit the 
reverse coMdition, and are split into two parts, as in the stvles of 
Drosera, JSuphorlila, &c. 

222. Tlie conditions aiising from adhesion havt^cen referred to 
already, under the names of mjmnor or inferior calyx or ovary 

\ 58). Tliey are always associated >vith cohesion when more than 
one carpel e.xists. The styles are free when the ovaryds inferior, 
either coherent, as in liidacca) (tig. 2(50), or distinct, as in the Um- 
beUiferie (tig. 171) luid l^ubiacem. In Saxifraga, and in some other 
Ciises, the ovary is half-inferior. "When the stamens are consolidated 
with the pistil, tlic gynandrous condition is produced. In Orehidacem 
tile filiimeuts ai'c iuseptirable from the style, terming a column sur¬ 
mounting the ovary; in Asclopiadacete the anthers adhere to the 
summit ol' tlic free compoimd stydo ; in Aiistolochiaccm the filaments 
adhere to the base of the compound style (fig. 242). 

223. Gomi»ound pistils are sometimes smooth and even on the 
outside, showii^ no sign of their compound nature, as in Primula 
&c.; in other casus tliey exhibit more or less deep furrows at the 
lines of junction, sometimes dividing them into lobes. But the in- 
toninl structure of the ovary generally indicates the number of car¬ 
pels entering into its composition very plainly. 


!’'g. 247. 


Fig. 248. 



Moltidocular oomponud ovaries. 

^ig. H t7. OvaTT, BtylpR, and dtigmas cX Malta. l!*ig. 249. Jt-celled ovary of Xi7i«w. 

rig. 2is. 2>GuUHd ovary of StToi)hulariae(.*tti. Pig. 3o0. *i-oelled ovary of Commel^wit 

Pig. 251. 4>celie(l ovary of Pueiteia. 

224. When the carpels are firmly and organically united by the 
surfaces of contact, we obtain the type of a compound multiloctdar 
or many-eelled ovary (fig. 248). In these oases the sides of tho 
constituent carpels are folded inwards, so* as to mectiin the centre, 

a 2 
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and thus fonn partitions between the chambers {eeUs or heidt). The 
placental margins of the infolded carpels are rctroflcxed, coiAtitutiiig 
central or (urik placentas. The partitions are called difsemments. and 
arc nccessariiy double, being composed of the conjoined side-walls of 
contiguous carpels. In such ovaries the dorsal sutures ore in the 
outer wall, while the ventral sutures meet in the centre (fig. 248). 

Examples of this kind of ovary are furnished by Liliacea; (fig. 340) 
and many itlier klonocotyledonons Arders, by Ericaceae, Solanacc.-e, Scro- 

S bulnriacem, &c. In some cases the ventral sutures and placentas are not 
irectly confluci.t, but adhere to a central prolongaliofi of the receptacle 
running up betwAn them, us in Gerauiacem (fig. 37(i), &c. 

False or s purums dmepinmiU occur occasionally both in compound and 
mmplc ovanos, consisting of membranes or plates'developed fi-oin the pla¬ 
centa or firom the dorsal .suture, and subdividing the oriprinally single ca- 
vityfoTmei byindividual eaipels. Thus in Limnn the ri-carpellaiy ovary 
would have five cells, were it not that a spurious dissepimenl ext<>'nds in¬ 
wards from the dorsal suture to the placenta in each cell, and divides the 
ovaiy into ten cells. In Astrai/aliis (fig. 252) the simple oviuy is divided 
by the inflexion of the dorsal suture, mid in Datura litrawomum a^false 
septum is foimed in each of the cells while the seeds m’e rijiening. The 
<r<f««!»>r*efiilse septa found in various Tjegiuninous ovaries, such as Calhar~ 
tocarpm &e.,aro likewise placental developments. 

225. If the cariiels arc not inflexed, but cohere by their contiguous 
margins, they form a hollow case Avith only a single entity; and as 
the lines of junction of the c.arpcls are on the outer wall, the pla¬ 
centas must stand inside those linos; in this way is formed a unilo- 
cxdar compomid ovary with varietal iilacentas (figs. 2511-255). There 
arc no dissepiraeuts; and tlio Antral sutures, alternating on the outer 
walls with the dorsal sutures, are, in such cases, like the placentas 
within, formed of the confluent mai^ius of two different carpels 
instead of those of the same carpel. 


Fig. 252. 



Fig. 21)2. a, legume of Anfragalm; h, cross Fig. Ovary of G-entianacete. 

section, shon ing a fulw? dissepiment formed Fig. 0>n.i7 of Vioia. 

by tile inflexion of the suture. Fig. 255. Ovary of 


We find dmost every possible degree of transition between the parietal 
and the exile placentae, aepording as the placentiferous margins project 
more or less into the interior of the ovary. True parietal pimentos are 
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found in Violaceaa ^tig. 264), Resedacefc, Gentianacere (fig. 263), Fuma- 
riacea;, OistncesB (ng. 256), Grossulaccie, &c. In Papaver we have the 
margins turned-in so as nearly to reach the centre (as imperfect dissepi¬ 
ments) j in W)meHvpericacete (H. aratmlei»'^ the orjifinallv yile-placentas 
become nanetal bv separation dn^g the rinening w the Imit. while in 
Cii ciirbitacesB the oriinnally distinctly parietal altnouirh greatly inflex^ 
mitiiriiM ultunatelv cohere so as to form an axile placenta . 

Ill OrucifeiTO we liave an nnoinaious conditioii. where there arc two 
doulile parietal placentas, but from tShe ecnlral line of each pifljects a plato 
passing acrtisa tlie cavity and forming a kind of spuriom! septum, called 
a replmti ; so that* (;ach ceU contains only the two hfd^ilaceutas formed 
by its own margins. 

220. In sonic Orders, where the walls arc as in the unilocnlar 
coiii]iound ovaries above described, the jilaccntas are found as a free 
column or expanded mass in the centre of the common cavity. This 
forms the eompoitml wnihcular ovai'ij wHli <» free central plomnta. 
Ill Primnlacem, Rantalatcm, and some other Oraers, where mis £ind 
of placcntation occurs, the placentas are free from their very earliest 
state, and are seen to ho direct prolongations of the receptacle 
witliiu the carpels. 

The appearance of a free central placenta is presented in Caryophyllaccoa 
and soiiH) other jilitiiuby the ohlitenition during development of the par¬ 
titions which, m a young state, pass between the outer walls and the centre 
of the carpels. 

In the opinion of Schleidcn and some otliors, the marpnal theory of 
placcntation is erroneous. TEb nlacuntas arc snnposoct to in all ca ses 
stcm-structiaes. ittmilied' or simple, oxillaiy to the carpels, or forming tile 
terminal bud of the axis or api'x of the receptacle, within a cavity either 
formed by carpels or by a bollowing-out of the end of the receptacle. 
Thus the soliUuy ovules in the simple pistUs of llatunicidtts, Pnmtis, Fra- 
(/(iria, &c. would be ajdlliiry buds of the carpels. The solitary ovule* of 
I’leinbagmaciye, Coinpositai, Tliymelaceie, &c. would be the terpiinal 
bud of the axis. The five central placenta of Winulaceifi, &c. would be a 
tcnniiutl shoot covered with buds or ovules; and the cases of axile placentas 
in multiiocuhir ovaries (IjiliaceaSj Scrophulariaeeie. &c.) would result fivm 
the margins of the carpels tinning in and adhering to the centwil body. 
I’arictal placentas are exphunod by supposing the terminal shoot to branch 
out into iis many procures as there are placentas, these shoots bearii^ 
buds (ovules) and adhering to the internal surface of the carpellaiy waVlS 

The% views are not much adopted; for while the m»rgiu!u theory /x- 
plains most cases veiy naturally, it may bo made to explain free central 
plocentation more satisfactorily than parietal plooentation can he explained 
on the other hypothesis, 

227. The placentas have been spoken of os double, on acoount of 
their origin where only one ovule exists in a cell, it is assumed that 
one at least is suppressed; and this other is not unfivquently deve¬ 
loped in the Cherry, Almond, &c. (causing the double kernels). In 
Legumiuosoi the double placental base is^so narrow that the ovules 
aro placed one over another, and form what appears like a single 
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Kno. In Larkspur, Columbine, &c. there is a distinct double row; 
in many cases each placenta has a double row of ovules; while axilc 
placentas are freiiucutly thickened and enlarged, so as to bear a large 
collection of ovules, closely packed. the ovules exist aU 

over the imperfect septa; in NmmlMa, all over the sides of the dis¬ 
sepiments, and mi at the ‘tnaryim ; in liutomus. all over the inside 
of the carpels, &e. 'Where ovules arise from the base of a carjicl, 
either singly or in lai^er numbers,*thc placentation is called tumlar ; 
it is in most cases a slight modification of free central. 

228. The sty/el* require no ])ai‘tieular notice beyond the statements 
nlrcady* made, except in regard to tlicir irregular position in some 
cases. The stjdo is really produced from the aixsx of the earptd; but 
in various Rosaccas, the ovarian part of the structure is so developed 
that it leaves the style on one side ( lateral) {Fraffaria, fig. 256), and 
sometimes even grows out and up so 'inuen that the style, then called 
basilar , seems to arise from the ba.se (Alehemilla). In the Roragi- 
naeeffi and Labiate a similar condition of the stj les exists in a com¬ 
pound pistil; the styles in these plants are confluent, and arise as a 
solitary column from a dci'p depression in the centrci of the 4-lobed 
ovary, communicating with the cells near the base as in the Ilosacese 
referred to. These styles of Labiate &c. arc called iinnolMsw 
(fig. 265). 



Fif;. 250. LattTal of fi-amrUt.. 

267. Pistil of a Orass, with foath (>]7 stigmas. 

FJg. 25S. Pistil of a Orass, with ]>oiiieillMe stigmas. 

Fig. 269. Stigma* of Cfrocun. 

*22Q. sti^a is cither situated at the end of the style or, 
where this structure is wanting, it is smile on the ovary. Instances 
of smile stigmas are furnished by the compound pistils of Papaver (fig. 
262), Nymphusacero, &c., where the stigmas form radiating ridges on 
the top of the flattened ovaries. The elongated stigmatic surfaces on 
the inner sidra of the beak-like points of the simple pistils of Bamin- 
milws and allied plants are almost to be called sessile stigmas; and 
these form a transition to tlje long stigmatie ridges which extend down 
the inner sides of the styles of most Cary<^hyllaceffi. "When it is 
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properly terminal it exhibits a great variety of conditions, both as 
regards composition and structure. 

It has been stated that the styles of compound ovaries are often 
disthvst ; the stigmas arc also often distinct on compound styles, in¬ 
dicating the number of constituent carjicls. Moreover these distinct 
si: 'I'mas arc occasionally split down into two arms (stii/mata hicru- 
ri(i), corresponding to the two placentas below; the ouc-celled ovary of 
Grasses and Comi)osit«! (fig. 204) Dears a tivo-armed stigiila; and the 
stigmas oftho eojniwund ovaries of Kv-phorhia and swe Droserm arc 
double the number of the carpels. Sometimes thi^istinct arms of 
different carjicls cohere, and form stigmas equal in numbe/ to the 
pbicentas, but alternating rvith them. 


I’iir. 200. 



E'b- 260t BtHjlicm of th<* jflower of JWa ; the stylo terminnteB in petoloid stigmatic loboft. 

Tig. 2AI. Fenudo flower of safivM, with n lobod stigma. 

Xi'ig. 202. Ovary of i^paror, wit<h radUtte soBsile stigmas. 


230. Stigmas, simple or compound, when distinct, are either ter¬ 
minal, or lateral : in the latter case the stigmatic surface is on the 
ventral side. Their form is generally slender and thread-like, 
a glandular stigmatic surface; hut in the Grasses the* stigmas )ire 
feathery (fig. 257) or venmllate (fig. 258); in the lridac.esD they arc 
petalold (fig. 259), very muck enlarged, as in Iris (%. 260); and in 
other eases they are capitate (fig. 256), hhed (fig. 2Ql),peltate, radiate 
(fig. 262),Jiliform (fig. 263), linear (fig. 264), &e. In Leguminosa: the 
stigmatic surface of the simple style is lateral (fig. 265). 

The orifice of stimnas leading to the canal of the stylo is more or 
less filled by the glandular and capillaiy processes whiA clothe their 
surfaces; and, indeed, to the naked eye, th^ canal of the style does not 
appear permeable. 
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231. The pistUa of Gymnospenuous plants consist of scales or 


Fig. m 



263. Plow<‘i* of T/neuta, wilh filiform 
Fijf. 264. LiuiAT BtigmoB of Com])OBit<<‘ plimt, with nnpilloBe 
Pig. 2fW. Otury of Crthtfen, with fafeml stigmn. 

Fig. 266. Oi>es eari>el of wiKh two nokt^l ovu1«>b. 


mi 



surfaces. 


Fig. 2G7. 


open carpels, coUeeted into cones, hearing exposed ovnlcs, so that no 
roprcsontativo of the stylar or stigmatie regions exists 
here. Among the Coniform, Pimis and its allies have 
seale-like carpels with a pair of ovules on the upper sur¬ 
face, at the base (fig. 200); the straoturo is analogous, 
although the form of the scale differs, in TJmjai the 
Cyprrais has peltate scales, with numerous ovules; in 
Jnniperiis each of the three scales has only one (fig. 207). 

In r«4aM the ovule is a solitary structure, a kind of free Toong f™aie 
ovule, growing out from the apex of a small cone formed of •(»- 

of barren scalea. In tho Cycadaoeas, Cyms has huge 
leaf-like carpels, with numerous marginal ovules; Zamin 
has peltate scales, more like Cupressus, with the ovules 
pendent from the thickened summit. 

By some authors what is above described as a naked ovule is thought 
tq be on ovary. 



thr^ntcar]H*l 
yi;nioTrd,shAW>' 
tng the naked 
UTUlcB. 


Sect. 10. Pbodticts op ran EssEKnAi Oeoans op Fiowbes. 

TJie Ovule. 

232. Ovules are the mdiments of seeds, and arise from the placen¬ 
tas, situated in the ovaries of Angiospermous plants (figs. 253-255), 
and on the margins or surface of the open carpels of Gymnospermia 
(figs, 266,267). They originate as eoUnlar papillm at an early stage 
of development of the ovary, and acquire a definite form and structure 
by the tune the flower expands. 
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Orulfls aro uaiinllY regwded as a kind of bud ; not only do they appear 
in the positions occupied by adventitious buds on vegetative leaves, ns 
ill liniophijllum (§ 10!J), but"abnormal lenf-llko cai-pels often bear bull)- 
like a'truutinvs and foliaceous lobes, in place of the ovules, on their five 
abortive-placental margins. 

J33. The number of ovules iu an ovary, or in one cell of a coni- 
l)onnd ovary, varies between wide limits. Thus the ovule is soliUirp 
in the simple ovaries of Rntiuncuhut, liosa. Primus (Ss.^4o), &c.,in 
the C/ompound oraries of Polygoiiaoeas &c., iuid in .ifieh cell of the 
bilocular ovaries of the Umbellifenc &c.; the utiafiber is stUl small 
and deliniU in the simple pistils of many IjCgnminos®, in the cells of 
th- compound ovarj- of Quernis &c.; in a veiy large proportion of 
C(iiiipound ovaries, whether unilocular or multilocular, the ovules arc 
very numerous on each phiccntal surface, and they are termed inde¬ 
finite, us in Prhnnla, Pannver, Dii/itttlis, &c. &c. 

2:14. A fully developed ovule is usually attached to the placenta 
by a short stalk, called the fniiiiidus. nodonverm, OT uniMlieal coni ; 
whtTro this stalk docs not exist, the ovule is V in a few cases 
the funiculus is very much elongated (Plumbuginacea)). 

2:J5. Sjjeeial terms arc used to indicate the position occupied by 
ovules iu the ovary, and more particularly their direction. Tf the 
placenta is at the hiisc of the ovaiy, and the ovTilc, springing from 
that situation, points upward, as in Polygouacese and Compositse, it 
is called met ; if it is attached at the summit, and hangs straight 
down, as in the Birch, Dipsacem, &c,, it is smtiended ; when the 
jdacenta is centrid or parietal, the ovule may turn upwards and be 
uscemlinii . may point straight outwards or inwards, and ht! horizontal. 
or may turn downwards, and be vendulous. lii Plumbaginaccm tho 
owile is suspended from tho end ot^ a. iong funiculus which arises 
from the base of the ovary as in the erect condition. 

Whore numeious ovules exist on a central placenta, it is very common 
to find tho upper ones ascending, the middle horizontal, and the lower 
pendulous, so that the direction becomes indefinite. 

236. T1 10 ovule arises from tho placenta as a conical papilla, whic^ 
800 " becomes elongated into an oval body, tho nwUus, raised on tVe 
stalk or funiculus. By tho time the flower opens, tho michus 
(figs. 268-270, a) generally becomes covered up by the coats or enve- 
lojKjs, which originato as circular ridges from tho poinl' wWe the 
friniculuB is attached, and gradually grow up over the nucleus. 
The coats do not completely dose in the ovule, but leave opening 
at its summit, called the mieropifh, or forame»t (Qs9. 268-270, 6). 
The base of tho nucleus, wlicro the coats arise, is called tho chalaiM ; 
tho internal coat (the secundine of Mirbcl) is tho first formed; it is 
denominated the inteaumaiktm internumj jaiheUemm,: where only 
one coat exists, is called the integnimentum stmjpiex. The outev 
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coat, which grows up after the inner (the of Mirbclh is 

called the intfumnentum externum, or sometimes the testa. Somc- 


Fijr. 208. Fi<r. 200. Fig. 270. 



Diagrammatic rerttcal soetions of ovnleR: /r, tlic nucIouB; A, the mturopylo; rehala^a: 

dn raphe. 

Fig. 2r». An Atroi>ou8 or ortholmiK>n8 omle. 

Fig. 260. An airntroitoua ovule. Fig. 270. A ciuupylotro))mis ovule. 

times, as in WelwitiK-hia, the primine is prolonged beyond the apex 
of the ovido in the form of a tube greatly resembling a style. The 
orifice named the micropyle forms a canal passing through both coats 
down to tho point of the nucleus; and the portions passing through 
the outer and inner integuments aro often called, respcctivcJy, the 
Mustottie and enclostome. The point where tho seed afterwards 
breaks away from the funiculus is marked by a scar, which is called 
the JdluM. 

In the Mistletoe the mielens is nnkisd, no coats being formed: in many 
cases there is only one coat; most ornles of Monocotyledons have two. 

The coats of the ovule are usually regarded as foliar in their nature, the 
nucleus as axial. 

*237. The above is a description of the ovule of what may be called 
the .normal form, such as wc find in Poh/yonum, Ate.: where the 
nucleus is straight and the mieropyle is at the end opimsitc the 
attachment of the funiculus, and the clialaza next tho pH-acenia, 
such an ovulo is called straujM, or more technically atiwtous or 
orthoti'Oiwus (fig. 268). 

238. Veiy frequently the fimimlits grows, in a sfcite of conflueneo 
with the ouJtc^r integument, during the development of the ovulo, so as 
to- push up the base of the nucleus until it is completely inverted 
(fig. 269), and tho mioropyle (h) points to the placenta, while tho 
chalaza (c) is at tho opposite end; this is tho inverted or anatropous 
condition (Compositro, Papaveracese, liliaccie, Orchidacese^ &o. &e.); 
and as the funiculus is confluent with the outer coat, the Mlum (the 
eittemd point of junction of the fimieuhts with the body of the ovulo) 
ifl left in its original position, and therefore close beside tho inverted 
mioropyle: the adherent portion of tho funiculus often forms a kind 
of rid^ extending from tho hilum to the chalaza; this is termed the 
raphe (fig. 269, d). 
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The inverted ovtde is only a straight ovnle with a long ftmicnlus eon- 
iliicnt with the outer coat: in Fmmm (Oistacero) the W'nl condition 
often actually illustrates this; and in seeds Ibnned Irom anatrnpoiis ovules 
the raphe soractiiues sejmrates (Xygophylhim). The position of the raphe 
with reference to the ovule vanes in drffiirent cases; sometimes it is ve/t- 
fi-i-i or on the side of the ovule nearest to the placenta, sometimes duraal, 
at other time^ lateral. 

239. A curved or eamntilotrovom ovule (fig. 270) p formed by 
the folding over of the nucleus upon itself in the form .pfth.c letter U, 
carrying the miA-opi/le (6) over, but leaving the cluijxza in its natural 
^eiuity to the hilum. Extcmall}’’ this ovule reslfrables the* anatro- 
pous, except that there is no rnjphf, (Cruoiferse, (laryophyllacese, &c.). 

240. Another condition more rarely met with is the horizontal or 
amnMriniotis ovule, intermediate between straight and inverted, the 
adherent funiculus pushing up tlic chalaz.atat one end, while the 
micropylc descends in % corresiwndiug degree, until the axis of the 
ovnle b(*oome8 horizout.'d, and parallel with instead of at right angles 
to the idacenta. 

In the first instance all ovules are straight, but mostly become curved 
dining' the course of their development. 

241. At the time when the flower expands, there exists a more or 
less considerable sac or cavity excavated in the substance of the 
nucleus, the upper end of whidi sac is situated just within the apex. 
Tliis cavity is called the emhnio-sae. being really a sac or bag with 
a proper wall, -within winch tno mmryo or rudiment of the future 
2 )lant is developed after feenndatiou. 

The phonomena of fecundation and of the early development of the 
embryo, together with the niimiliic of the anatomy of ovules, are reserved 
for tile Physiological part of this work. * 

Tlie further morphological peculiarities of the ovular structures will 
fall beat under the head of the seed or completed product, previously to 
examining which we must follow out the ultimate history of the pistils 
and associated organs forming tkefndt, in which the ripe seeds are found. 

The Fruit. 

242. Tho fertilization of the ovules nsnally takes plage soon after 
the op'ning of tho flowers, or sometimes even bclbrl) their expansion. 
During tho subsequent changes by which the ovules arc converted 
into seeds, tho ovary (and occasionally other parts of the flower) 
undergoes furt^r dovelopinent, and becomes what is technically 
caUod tho fruit. 

Generally the stamens and corolla, and not uncommonly tho cal}^ also, 
fall away or -wither up after fertilization, and the styles, -mth the stigmas, 
mostly disappear; but -the stylo sometimes persists, and even undergoes 
onlorgement, forming a kind of beak or fail tw the fruit, especially in simple 
fruits formed of one carpel (Bammcidt.i, Clematis, Geum, fig. 286), &c. 
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The calyx, when inferior, remains in many cases as a loose cup or enve¬ 
lope BiUTonndinj; the fruit (as in LaMatce, many Solanaccm, figr. 201, &c.); 
or, when mperior, its segments, enlarged or withered, form a kind of crown 
to the fruit (Compositfc, Campanulaceto, &c.), and the tubes of adherent 
calyces always ento into the composition of the infferiOT-fruits (figs. 2SMi- 
303). In some cases the calyx and the curoUa, in other cases the 
receptacle, become blended with the ovary or ovaries to foi-m the fruit; 
and a still mpre complex kind of fruit is formed by all the flowei-a of an 
inflorescence iJ^ming conjoined into a common structure dnring tho 
ripening of the sMl, so as to form a collective fruit, such, as occiUTi in tho 
Pmo-apple (fig. 30i:), Mulbiary (fig. 300), Bread-fruit, the P'ig (fig. 305), 
cones 01 'irirs, &c. 

Considered ns developments of the carpels alone, many fruits in their 
mature condition depart widely in appearance from the ovaries from 
which they are produced, the morphology of fruits e.vhil)itiug perhaps 
more remarkable cases ufr actual mctaiuur))hosis than anv other parts uf 
plants. Hence it is often diflicidt to judge fpuu a fruit what kind of 
pistil the flower has possessed, and the striictWe of fruits can only be 
understood by a study of their progre-ssive dovelopnient from tlie iiuhia- 
turo to the mature condition. 


The most important source of change is the snppiossion of chambers or 
lociili of the ovar^ ,. together with the abortion oi' ovules, llius the 'flower 
of the Birch has a two-cellod ovary with one ovule in each coll; but one 
cell with its ovule is constantly abortive aud almost entuely disappears iu 
the fruit In the fismale flower of tho Oak there are three cells, each with 


two ovules (tig. 271); but only one cell is found in the ripe fruit, aud this 
is tilled by one solitary remaining seed, as we find iu the Acorn. In tho 
Lime there are several cells in the ovary, but generally all but one are obli¬ 
terated in tho fruit (fig. 272) j and similar cases axe bv no means uncommon. 
In these cases the dissepiinents, called i u the fruit aenUt, are not broken 
do wnrbS pu^~cd'to one sid e apd ohlitefateJ by the pressure ex ercised by 
f Ee«3OT9oped Beed .*~~ 

~T5h^tho other hand emnmis parritions ^ somet i mes formed, as in 
Datura Stramonium, wnlch Tias a four-celled fruit cforiveiT’fcjn a two- 
culled ovary; and in the pods of Leguininosm cross partitions aro often 
produced between tho seo^. 

The original conditions are frequently still further disfigured by the 
alterations in tho texture of the coverings of tlio fruit, next to be described. 


Fig. 271. Fig. 272. 



' Kg. 371. Femslo floirer of the Oak: a, vertical section; b, cross section. 
Kg. 273s (tf the Ume (T^Uia): a, entire; 6* croea nection. 
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243. The “ wall ” of the fruit is the substance formed from the 

carpels, or (when present) from the other component structures 
(§ 242). It eonstitmes the case enclosing the ripe seed or seeds, 
and is ciillcd the The ^Hunearp is of very difTorent structun* 

ill different frui^^^Wen the fruit is mature, it may he dri/, mem- 
limnous, leathery (eoriaeeoun), or woody ; or stteeulent; or succulent 
externally and woody within, or, vice versa, succulent intenially and 
woody or Ipalhery outside. 

llie pods of coaimoii Peas, the capsules of Pinks, lV,;pios, &c., allord 
e.\ain]iles of a dry membranous pericnqi; the Flags Ij^Cve a leathery peri- 
eaip; the coumion TTazel-nut, Acorn, cajiaides of the Mahoimnv-ftw, &c. 
Ini', e a iromly pericaip. The pericai-ps of the Orape and the (Tooseherry 
ai'- 'iticcti/euf.. The Plum, (.'hiaTy,&e. are succulent externally and woody 
within; tho Orange, the Pomegrauato, tho Pumpkin, Sic, are succulent 
within and leathery or homy outside. ■ 

244. "WTien thcjiwr/crtip is uniformly membranous or woody, with¬ 

out distinction of layers, no subdivisiorial tenns are applied to it. 
Tli(f same holds good in respect to tho simple jieriwMy of 

such fruits us the Graiic and Gooseberry. AVhen there is a distinction 
into laycm, formed by a gradual alteration of the texture of the inner 
and outer parts during maturation, wo distinguish between an epi- 
earp and an endoearj^ us, for example, in the Plum, Cherry, Walnut, 
&c., where there is a succulent epicarp, and a woody endorarp forming 
the “ stone; ” tho “ core ” of the Ajiplc is a membranoim endocarp. 
Wlien a fruit, such as tho Orange, Pomegranate, litchi, itc., is firm 
exteimdly, with a loatlierj' or woody epiearp, and a succulent endo- 
earp, the latter is generally derived from development froju.thc pla- 
contal re g ions. In common “ stone-fruits” tho two regions are often 
distinguished by tho names sarcocarp (or pulp) and pwtamen. Tn 
tl.o Date (fig. 280) the “stone” consists of the albuminous seed, 
which is invested by a succulent pericarp. In other Palms, such as 
Areea, tho pericarp is fibrous. In hard-rinded succulent fruits we 
have an internal sareoearp enclosed by a cortar or rind. 

Many authors, following DoCandoUe, divide the pericarp into epiea^, 
meKocarp. and enduearp. It may be obsened hero that tne disfincHoq 
bel-reen cndocai^ ana enicarp, in tho common stone-fruits, arises entirely 
during the ripening of tlie fruit; tlie two regions are ojigindlly alike and 
undistinguishablo; it is well known that tho easy separation of the pulp 
from the stone is a sign of ripeness. 

246. Some fruits, more particularly the succulent kinds, but also 
many dry fruits, do not burst to discharge their seed or seeds when 
ripe; these are called indehiseent fruits. Tho pericarp rots away, or 
is broken irregularly or pei-forated when tho seed germinates. Most 
dry fruits, more particnhirly those formed of more than one carpel, 
burst open or separate into pieces in a regular manner when mature, 
and are consequently dehiscent . 
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24G. BeJiiteenee takes place generally by the separation or splitting 
of the sutures of the carpels in a vertical direction, or by the disunion 
of coherent carpels, or by both together. The parts which separate 
in this way are called wi/crs; and this modejj^ bursting is termed 
SHlumI or mindar (feliiseeiice. Sometimes the vafftis only separate 
for a certain distance from the summit, forming tittle segments or 
teeth (%. 273). In a few cases the dehiscence is tmrous, or by 

l-’ig. 27^ ,. Fig. 274. Fig. 27/5.' 




Fltf. 2TX Bnwit of Ct^rnitthim. 

Fip. 274. Cnpwili* of ojM'ni „ 

Fig. 270. BuTHt fruit of Uliviinn (Star Aiu8«0. 



pores or orifices formed in Ihe walls: in others the npmr end 
the fruit falls oflF like a lid, bv trmuuerse or circar srisxih dtlihc ict 
(fig. 274). ; 

247. When the dehiscemeo is valmlnr the fruit is named hi-, tri-, 
raultivalvular according to the number of valvis* or pieces into which 
it splits. This mode of dehiseonce is subject to several modifications, 
according as the splitting takes place tlirough the dorsal or through 
the ventral suture, or through both at the same time. It is still 
further complicated hy the circumstance that the placentas sometimes 
remain attached to the valves, while at other times they break away 
from the valves, as in the condition called 

A few examples may be hen; given of the various modes in which 
valvular dehiscence is effected; and the student will find the subject far 
more readily intelligible if he refer to some collection of seed-vessels where 
4lie fruits are correctly namesd. In the case of xlmple or of ajwrnrjMnm 
fruits, valvular dehis<«ncp takes place:—a, through the ve.utrol suturt), ns 
in the Columbine (Agttilefftn), the Star Anise (lUicimn, fig. 275); or, jS, 
through the dorsal suture, os in Mai/nolia \ or, y, through both sutures at 
the same time, as in the pod of the pea and other Leguminous plants (fig. 
282). In this latter ease there are two valves, but only a single carpel. 

In one-celled synenrpmu fruits, where the componont carpels cohere hy 
their edges which are not infolded, dehiscence takes place:—a, through the 
ventral sutures, when the placentas are found on the margins of the valves, 
as in Gentians, each valve in this ease repi-esonting a c^el; /3, through 
the dorsal 8uture8,_when the placentas will he found in the, middle of the 
valves, a9 in ti»e Violet ( Vma). In such fruits each valve consists of two 
Jialf-caipdB'Combined together. In the Orchidacess the fiapsiiles dehisce 
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in tho jnanTier last- described, with this further peculiarity—that the yalves, 
heariujr the placentas in the middle, separate from the midribs or dc^rsal 
sutures, leaving these latter attiiclied tofri.-tbor at the top, and tluis formiiijr 
an open framework supporting the remains of the perianth. 

Tn inumj-eelhil tufnmrjmm fruits, where the sides and nmrgiu.i of the 
ee- poueiil cai-jiids are infolded, dchiseenee taken placea, I wHlicidalli/, 
throiifrh the dorsal suture, so as to open the loculus or cavity of the carjiid 
fi-oin behind ; each valve in this case repri'seuts two half eariwls (tigs. 2/7, 
27is) ; or, m'liticidttllj/, through the se]>ta., so as to isolati^uo previously 


l-’ig. 270. 




1%. 278. 




Kig. 1. TliiM* fniii- of Creranium, tho tivilotl eoi-ei 8o|»aruting <>1nf)tioHil,r from tho csftrpophoro. 
Fig. Ihi** ofyw*. with loouiioitlal clohisconoo uml »optici(l»l si’iniratiou of tho 

pitti'otit;!** :it- t-h(‘ sUturoH 

Fig. 27 n Tho a oofMW .•iootirii. 

comliiued earpids (fig. 27(il. Each valve in this case represents an entire. 
carjK'l. 'll some instances, as in VinMUfero", Hedstraw, Otih'iim, &c., the. 
carpels merely separate in this manner, e’te from the other, without opening. 
Ill -iicli a cose the term K(hi :'‘r<in> is employed to designate the whole 
fruit, while its constituent eai]iels are called cocci, or soiu etimes merh-qrpp 
More frequently the carpi'ls not only sejiafato septicidallj^from* thefr 
fellows, but each one bursts, either through the doreal suture, as in Oern- 
nimn (fig. 270 ), Euphorbia, or through the ventral suture, as in Colchicum. 

Thus B i'uticidal and lociilicidal dehisceiice may occur in the same fruit, 
asm the F'.xglove (25«//S«7/«)7tire capsule ^wTlIcli fi^sf^ilmSesnolo its cra^ 
stitu(int carpels senticidally, and afterwards each carpel splits locnlicidallV 
into two valves; tue four valves so produced represent eaclMa half-carpel. 

Both tho loculicidal and septicidal modes ot dehiscence are sometimes 
associated with what is termecl ncptifrai/td dehiscence. This occurs when 
the iMjita or partitions hearing the placentas are broken across; the effect 
of this is that the valves break away ft-oiu the placentas, leaving part or 
the whole of the latter standing in the centre of the fruit on a kind of 
column, as in Andromeda, Cmmdndus, Bhododendron, &e. Scptifragal 
dehka-nce takes place by itself in the tdliqum or pods of (IrueifeKe, where 
the valves separate from the parietal placentas, leaving them in the centre 
supporting the ovules (figs. 292 & 2a“i). 

248. Edtujmceh^tee^oiijdiSeia from that by valves in tho smaller 
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degree of separation. The fruits or seed-vessels of Caryophyllacene 
dehisce by teeth. WoTnctimcs the teeth arc cquiil in number to the 
carpels, as when the dehiscence is through the ventral sutui'es only 
{Lychnis ); sometimes double the numbtT of the csirpcls, when the 
spUttuig takes place through both sutures (DiaiUhiis). 

249. Porous dehisceneo arises from the formation of orifiees in 
the walls of a drj' ca])siife, alloudiig tlie seeds to escape. In the 
Poppy (Pupai'cr) a circle of pores is fonned round the upper edge of 
the fiiiit, just Beneath the stigma; in Antirrhiunm and Lintma there 
are two, or tlirec'« 'rifices near the summit of the capsule; in some 
Campanulas a pore is formed at the base of each cell. 

In all these cases the orifices are formed from thin spots in the walla, 
which tear open, their edges curling back in more or less regular teeth: 
the dehiscence of Aiifirrhitimn is connected by that of Srrnphulurw, Pii/i- 
tali*, &e,, with the dehiscence into a crowi of teeth as in Primtda and 
Caryophyllacero. ' 

250. T ramverse, or circwnitchsile Jehisernc-e, observed in the mcm- 
branous“capsules of Pyoscyanivs (fig. 2!)]), Annyallis (tig. 27d), 
Phiitayo, itc., and in the woody fhiits of Lecythis, arises from a 
transverse fissure running round tho wall and splitting off the upper 
part' of tlio fruit like a lid. 

A dehiscence auiilogous to this occurs in tho lomenta of various 
Leguminosa), which break across between the seeds. 

In these cases a kind of articulation is produced, by the tissue of the 
pericarp remaining more dtdicate in the line of dehiscence, so that it 
becomes torn by the hygromelric contraction or CApansiou of the firmer 
parts above and below, after tho fruit has become nmture. 

251. Tho apex of dry fruits is marked by tho position of tho style 
itself when persistent (tig. 285 h), or by a scar indicating tho place of 
separation. The axis of a comnoiind fruit is commonly an imaginary 
line; but in UmbeUifera) (fig. 301) and lieraniaccse (fig. 276) tho 
canionhore forms a true axis, from which tho carpels separate in 
dehiscent 

^ 252. Dehiscence docs not usually take place until the seeds are 
ripe; but in Mignonette the upper end of tho ovary ojiens long before; 
in Leontiee *ihali':troides the ovary bursts very early, and tho seed 
ripens in a naked condition. In Impatiens and some other plants 
dehiscence takes place suddenly with considerable force, tho valves 
separating and rapidly curling up. In Efatenum the peduncle 
separates in a similar sudden way from tho ripe fruit, and the seeds 
are forcibly ejected. 

253. In (I^nosperras there is of course no proper dehiscence; but 
in moat cases tho earpcllary scales of tlie female cones, which are 
separate to some extent •during fertilization, frequently close up 
together so as to form an apparently solid body whil#the seeds are 
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ripening, as in Pirnis, Cupmsits, Thtja, &c. The scales open again 
■when the seeds are ripe, and in some cases separate from the axis. 
In Jmijterus the scales becvome succulent, so as to form a herry- 
likc organ. In Taants the solitary ovule is always naked; and during 
the ripening of the seed a succulent cup-like envelope grows up 
roti.id it. 

254. The forms of perfect friiit are distinguished by technical 
names, and in defining them it is desirable to classify fyom in some 
way. The classifcation which conveys the greatest ftmount of in- 
fonnation is that founded primarily on Uio constrj^ction of fruits. 

The nmltitiido of names which have been invented, the vague maimer 
in which many of these have been used, added t(i the not unfreqnojit 
pol,,mori)hlsm of fruits within the limits of single Natiiml Orders, render 
a siitisfactoiy classification of fruits almost impossible without naming 
them all afi'csli, and defining them accoi’ding to’their mode of develop¬ 
ment as well as their perfect condition j and this, after all, would neccs- 
sitiite a terminology too cumbrous for use in Descriptive Ilotimy, for which 
the ))iunes and definitions are chiufiy required. 

255. Fraits may bo divided first into free or monoUialamic fmits, 
formed fmm single flowers, imd eonilmntjruks, formed of the blended 
flowers of an inflorcseciieo. Tke formijOO?^aZggj^ has been con¬ 
veniently applied to fruits of this latter kind. 

Fm fmits may bo divided into-1. Jpoearpous fruits, where tho 
constituent carpels aro separate, forming (a) simple fruits when the 
cariicl is solitary, (ft) multiple fruits when more than ono is found on 
the same receptacle; 2. Sifnmrpous fruits, formed of compound 
ovaries, and consisting of («) superior fruits when tho calyx is fircc, 
and (ft) inferior fruits when tho tube of tho reccptoclo or of the calyx 
is adherent. 

Confluent fruits require no corresponding subdivision. 

Almost all of the almve giuups are ngam divisible into dry and sumf 
kilt kinds; this diversify is so special, occurring between nearly allied 
giuem in the same Nucural Orders, that it seems unadvisable to make it 
0 basis for any of the main sections. Modes of dehiscence and absence of 
dehiscence characterize subordinate kinds of diy fruits. 

2c 3. The following classification is a slightly modifipd form of 
thot established by Dr^ Lindlcy. In it all or nearly all the forms 
described by various authors aro enumerated, but comparatively few 
are in general use. Borne of these will bo found more folly described 
ux subsequent paragraphs;— 
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Classikication of Pkuits. 

A. Free or MotiofJutJamie Fruits. 

I. Afocakpoto, composed of distinct simiile carpels. 

Simple monocar^Kius fruits (formed from solitarj’ earpcls). 
t Pericarp formed from the ovarj' alone. 

J PCTi.''£irp uniform, 

II Onc-.pr few-seeded. 

Pericarp homy and indehisoent . AeJuvnium. 
Pericarp membranous, sometimes 

dehiscent. Utrleuhis. 

III! Many-soeded. 

Dehiscent by the ventral suture . FuVinihis, 
Dehiscent by both sutures. . . Leijuuien. 

ludehiseeut or articulated trans¬ 
versely . Lomentwn. 

Pericarp of two or more layers. 

Epicarp fleshy, cndocari) bony . Dnqja. 
tt Pericarp formed from the ovary aud ad¬ 
herent floral cnvcloiics. 

Dry, indehisoent. Dklesium. 

Fleshy. tSphaleroearpimn 

*• Multiple or iiolycarpous fruits, formed of 
an assemblage of distinct carxxils. 
t Free. 

Pericarps distinct, dry (aeluenia) or 

:fleshy {<7.rupes) . Ettnrio, 

Pericarps ultimately more or loss cohe¬ 
rent . Synearpium. 

tt Enclosed in a pup-like fleshy receptacle. CynarrJioclum. 

II. SvifCAilpons, composed of combined carpels. 

Superior. / 

t Peri^^ dry. 
t I^ftdehisccnt. 

I Ouo-ceilcd, one-seeded, pericarp 

adheient to the seed .... Oaryopsis. 

One- or many-ccUed, winged, peri¬ 
carp jboJ; adherent to the seed 
or seeds. 


Samara. 
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Dehiscent. 

® Separating into indehiscent cocci . 
ffi® Separating into dehiscent cocci . 
®®® Separating into two pseudo-fol¬ 
licles . 

®®®® Dehiscence transvci-se . . . 

Dehiscence Viil^uilar or porous. 
© Placentas i)arietal in a two-celled 
ovary. 

Linear . 

Short and broad. 

©© Placentas axilo in two- of 
many-celled ovaries, free 
central or parietal in 1 -celled 

ovaries.* . 

tt Pericarp fleshy, indehiscent. 

J Pericarp unifi>rm. 

Perieari) of two or more layers. 

Epicarj) coriaceous or woody, endo- 

eaq) fleshy. 

Epicarp fleshy, forming a spongj’- 
rind; endoeaip pulpy. . . . 

Inferior, 
t Pericarp dry. 

J Onc-cellcsd by snpiffession, indehiscent, 
within a copulate involucro . . . 

Genuinely onc-cellcd and onc-sceded, 

often with a papjms. 

Two- or raany-eellod. 

Separating into indehiscent cocci. 
Dehiscing by valves or pores . . 
tt Pericarp fleshy, at least within. 

t Pericarp simple, seeds more or less free 

in the pulp. 

Pericaip of two or more layers. 

® Epicarp fleshy, endocarp parehment- 
like or bony, indehiscent . . 
®® Epicarp fleshy or fibrous, endocarp 

bony, dehiscent. 

®®® Epicarp horny or crustaceous, 
endocarp fleshy. 

One-celled, seeds on pulpy parietal 

placentas. 

Many-celled, seeds with a J)ulpy 
coat. 


Carceruhis. 

Reynia. 

Conceptacvlum. 

Pt/A'is. 


Stliqiia. 

* Sificula. 

Capmla. 

Nucttlaniiim, 

Ampliisarca. 

Hesperidium. 

Gians. , 

Cypsda. 

Cramearpimn. 

D-iplotegia. 

Baeca.. 

Ponium. 

Tryma. 

Pepo. 

Balausta. 
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B. Pohjthalamie or Gonfmat Fruits. 

L Anbiospbbmotts, formed of closed ovaries. 

Pericarps of the constituent flowers hard, im¬ 
bedded in the fleshy axis of the inflorescence. Syeonus. 

Pericarps of the constituent flowers succulent 
and confluent with each other and some¬ 
times w^h the axis of inflorescence . . . Sorosis. 

II. Gxiraosi'KiMOTrs, formed of open carpels. ' 

Constituent catjiels scale-like, imbricated in a 

conical group . Strohilus. 

Constituent carpels peltate and forming a 

globular head. Galhulus. 

The above classificatfon is far from satisfaetoiy: for students’ pur¬ 
poses it is too complicated: and, moreover, in practice the majority of de¬ 
scriptive botanists, tinding it next to impossible accurately to cla'ssify all 
the varieties of fruit they meet with, content themselves with the-em¬ 
ployment of a few well-miderstood terms applied more generally than is 
the case in the foregoing scheme. In the following paragraphs those 
terms which are in most frequent use are printed in larger typo, those not 
in general use are in smaller type. The student with a ripe fruit before 
him is mainly concerned with tho fruit in its existing condition: an 
arrangement founded on the peculiariticn of the transitional stages be¬ 
tween the immature pistil and tho ripe fruit is necessarily embarrassing to 
him, since, as a rule, he has onlvlimittsl means of asceitaining for himself 
^e course of development. I’his, however, may to a great extent bo 
nndurstoud from a mere comparison of the pistil with the ripe fruit. 

‘ Sim^e Fruits. 

' 257. Tho Achceniiim is a small, dry, indohiscont, one-sceded peri¬ 
carp, tipped with tho remains of the stjie, and with the seed free in 
the interior, except at the point of attachment. 

This frmt is rarely foimd solitary, as in AlchemUla ; it usually forms 

Fig. 280. 



Fig. 279. Achfenium of 'Bam-nctdm ent Tcrtically to show titf* seed. 

Fig. 2^. Section of the druiM; of thf Pate {Fmamue d<tH$llfera)i c, the pericarp; the 
embryo imlMtdded in*the henmy albumen. 

Fig. 281. Cir(de of follicles of Sempenoivum. 
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part of a multiple friut, as in Bammeulm, Clemtttis, (leum (fig. 285), 
&c, Achsenia are popularly mistaken for seed^ from wLicli they may 
be known by the stylar beak, end by the seed lying loosoinside.. 

The tcmi achtenium is often applied to the halves of Ibnbelliferous 
fruits, the cocci of Mallows, the tiu&Utts or nwt» of I.abiat«e, &c. (the car- 
cerule of some authors) (fig. 2S)0), and to the "cyi)seliB ” of Compositm. 

9'«S. The Utriculus. —^This differs from the aclimnium chiefly in the 
membranous chai-acter of the pericaq), and in dehiscing sometimes by a 
transrersti slit; it is found in Cheiiiipodium, Amaranthus, &;i, 

259. Thd Dickxiutii only differs from the utiiculiis in hiring the indu¬ 
rated peiianth adherent to the carpel, and fonuing part of the shell (Jfi- 
rahilii, HalmUi). ^ 

2(i0. The Sphalerocarpiwn resembles the prcciHling in structure; but the 
complex peric-arp is fleshy, forming a bimy-liko body {Hippophae, Sli- 
ttti'i I. For practical purposes this is best ernssed as a berry. 

261. The JJntjMt is a one-coUed fleshy fruitj represented by stone- 
fruits formed from a single pistil, such as tlic Cherry, whei-e the 
stone is formed by the inner part of the iicricarp, and the pulp by the 
outer pait. 

In common stone-fruits the dnipe is solitary; but minute drapes formed 
on the sanu; plan are assembled together on the receptacle in the etmrio of 
the Ibispberry and Blackbeiry (tig. 280). The term drape is often im- 
projierly applied 1o the compound stone-fruits, like the Cocoa-nut &a,— 
or to the l)ato, where the stune is formed hy the seed alone, and the 
pulp hy the pericarp (flg. 280). 

202. The Zd/lKefrisasimplc pod, splitting down the ver'^—’ "“turc, 
and bearing the numerous ovules on its margins. 

This rarely oecuns 8olitaiy,hut mostly combined with othem in a circle, 
as mAq^tSvffia, Paunvia, Sttuptri-imm (lig. 281), &c.; and they are then often 
coherent at the hose, so as to form a transition to the xyncarpiiim. .The 
pai; t/f follicles (couceptamla) of /\sclepiadace(e have their placentas de¬ 
tached when they dehisce, so as to set the seeds free. 

' 263. Tho Legume is a one- or many-sceded simple fimit, usually 
splitting into two valves, with the placentas on tho m.argins of the 
ventral suture. 

In most cases the legume is elongated and pod-like (fig. 28S), as in the 
Pea &c.; but sometimes it is curved or even spirally eftSed like a snail’s 
shell, as in Medieugo (flg. 283), or lohed and knotted, as in Acacia (fig. 284). 
In Antragalue a spurious sutural septum is formed by projection inwtu^ 
of one of the sutures (fig. 262). 

264. Tho Lomentum is a modification of the legume, either wholly 
indohiscent, or constricted into joints between tho seeds and some¬ 
times falling to pieces in these sitnhtions, as in OrnWiopas, Deemo- 
dium, &c. In the lomentum of Coma (e. g. Cassia fistula) there are 
many false cross septa. ” * 
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Multiple Fruits. 

265. The FMerio is formed either of an assemblage of achmnia on 
a dry receptacle (Bnnuiwulus, C?cieni,*fig. 285), or on an enlarged 



Fip. 2^^2. of P<*a, burst 

Fig. 28:i. ft, Curkd Icgutm* oC JteiUeaffo miira; 6, oCMedhago orbieulari*. 
Fig. 2S4. Legamo of au 


pulpy rcccptfielo, Strawberry (Frayaria), or of a eolh^ction of small 
drupes on a dry or spongy receptacle. Blackberry {liubus, fig. 280). 



Fig. 28.5. J>rf otsrio of Genm^ out verticalljr (u) to show tho attachment of the cotuponent 
lUfiiesniH (h). 

Fig. 286. Fal]»y eta** io of Blackberry (JUu^us) cut Tertioally, showing tho spongy receptacle 
corerod with little drupes. 

The circle of follicles in AintUegia, HeljMnium, &c. nearly approaches 
this, as do also the fruits of Winterem (lUicium, fig. 275). 

266. The Synrarjjptm is formed by the cimilnence into a solid mciss of 
the carpels of' a multiple ovary with a dender receptacle (Ationa, Mag¬ 
nolia), 

287. 3She Cgtiarrhodum oanmta of a succulent outer envelope, formed 
of a cujMike receptacle (according to some, of the tube of the calyx), with 
numerous achienia lining tho walls (JSosa, Calycanthus). 
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Compound Ih’uits — Superior, 

208. The Caryopsis is the ono-seoded fruit of the Grasses, com¬ 
posed of two, or ixu'cly three eferpcls, which form a dry pericurj) iu- 
soparuble from the seed. In practice it is hardly recognizable from 
the achcnc, except in the last-mentioned characteristic. 

2<'0. The Sumitra is a two- or more-celled, few-seeded, dry, in- 
dchiscent fruit, which has a membranous uung or wings developed 


Fip. 288. 



Fig.2^. DonblL'minaraoftlivMu]iltt(.<lecf'). Fig.2dS. SumitmoftlioElm(L7mu«eo»tpe0/W#). 


from the pericarp—as in Acer (fig. 287), Chime (fig. 288), and the 
little fniits of the catkin of the llirch (fig. 289). Practically this 
may be regarded as one or more achenes with winged pericarps. 


270. The Carcernlve is a dry fruit 
formed fium a niany-celhid ovary, 
the caipels of which separate when 
ripe into indeiiisceut few-si'eded 
(Mtci. The levin scluxocmp is some¬ 
times applied to such a fruit. 

This fruit occurs in various ino- 


Fig.289. Fig. 2it0. 



dificatiouH, in Malm, Tropreohnn, 
Boiiiffinacerti (fig. 200), LabiatK!,&c.; 
the cocci are sometimes called «it- 
and aiu often regarded as 
aciienes. 


ri}T. 289. Batnaroul fhiit of the Birch 

atba). * 

290. Femistent calyx of a BortigiQACt'ona 
plant, opened to show the curccra* 
luH formed of four iudehiseent car¬ 
pels, Bci^ratinK frtnn each other. 


271. The JRet/ma differs from the foregoing chiefly in the cocci being 
individually dehiscent, as in Enphorhia, Oermtium, &'c. 

In (rermii'im the cocci remain attached for a time by the pei-sistent 
beak-like segments of the stylo to the suuunlt of a carpuphord, the beaks 
often coiling spirally (fig. 270). 

272. The Coneepiaculum is form^ by a two-celled, monv-seeded ovary, 
separating into two dry follicular valves, in which the seeds lie loose. It 
may bo described as a pair of follicles. Examples may he met with in 
Asclepiads. 

273. The Pi/sci* is a one- or morc-cellcd, many-seeded fruit, the 
upper part of which falls off like a lid by drcumsoissile dehisceuce, 
as in Anagallis (fig. 274), Hyomjamm (fig. 291), Lecythie, ike. It 
differs from the capsule merely in its trtms^rse dehiscence. 
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274. The SUiqm .—^This is a two-valrod linear pod, tho valves of 
which Boporato scptifragaUy from a kind of frame, with a more or 
leas perfect false septum (jrejilum) stretched across it, the (fuirietal) 
placentas being attached to the frame,* as in Sinapis (fig. 292), Chei- 
ranthiM, Mattliioln, &o. 



Fig. 291. "Pyxiii JlffoneyamuA, enclosed in the di^ oilyx. 

Fig. "iWi, liiirat Hiliqna w tho valves seimrating from the antares lapportitig tho 

rv|>liim. 

Fig. 29'h Btirst- stlioJo of TlilnApi. 

Fig, 294. Indehisceiit froit of imUsi a, entire: Z>( a cross section. 


’ 275. The Silt^u (diminutive of the last) is merely a short and 
broad piliqua, often most expanded in the direction at. right angles to 
the replwn, the valvCs soiqetimes winged— Thlas^i (fig. 293), Cap- 
sella, &c. 

When the replum is imperfect, it is stud to be fenentrate if slit; or it. 
may bo destroyed altogether. Some raliquos and silJculas do not bmst 
by valves— Oramhe, Itaphams, laatis (fig. 204), &c. 

276. The Capmila includes aU thofremnining kinds of dry fruits, 
membranous or Voody, formed of one-celled or many-cellod compound 
ovaries, which dehisce more or completely by regular valves, 
equal in number to or double th/corpcls (Iris, ColeMcum, Caiyo- 
phyllacco!, Digitalis, Primula, <kc.), or by pores (AntirrMnum, Pa- 
paver), Its mode of dehiscence may be scptimdal, locnUcidal, or sep- 
tifragal. (See § 247.) 

277. The NucuUmium, or Uva, is a superior pulpy fruit, the flesh of 
vAuoh conteins several seeds, and is enclosed—^mermy by a membrane as 
in the Grape, where the seeds ore loose in the pulp, and SUmnum (fig. 205), 
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Atropa, &c., where the azile placentae pwist, and 
less distinct cells -within the pulp. This is usually 
regarded as a “ beny” (6aeea), 

378. The AmpMsarcu is a compound mnny- 
celled superior fi-uit, -with a woody or indurated 
shell enclosing an internal pulp (Atlmistmia, Cre- 
gcewfaVi). 

3rd. The IIe»pendium is a many-eclled superior 
iudehiscent fruit, with a spongy or leathejy rind, 
and an internal pulp formed from the tissue lining 
the loculi, as in Orange. This is generally 
described us Ji form of berry. 


there are two more or 


Fig. 296. 



Kuenlkniuin, Vva, or 
Bnt>erior bvrry of Sola- 
out acroBB. 


Compound Fruits — Inferior. 

*2S0. The Tryma resembles a drupe, but is inferior; it has a fleshy or 
' fibrous epicarp and a bony endobarp, and is spitrionsly one-celled and 
one-seeded by abortion of the remaining cells and ovules. The epicarp 
is fleshy in the Walnut, and the bony endocorp splits into two valTes. 

2S1. Qians is a hanl, dry, indehiscout fruit, spuriously one- 
ccUcd from suppression, usually onc-sccdod, seated in a persistent 
involucre forming a eupide. In tlie Acorn and Hazel-nut there is 
a single gland in each cupule or cup, while in the Heech and Chest¬ 
nut then! are several. 


The ovary of the Oak is 3-ccllcd, -with two ovules in each cell; but 
two cells with their ovides, together -with one ovule of the fertile ceU, 
are suppressed, and the waU of the oviuy is converted into- a bony shell, 
completely filled by the itmiaining seed. Tho ovary of the Bircli is also 
3-celled, that of the IlaZel 2-celled, that of the Chestnut 3-8-celled; and 
similar suppression takes place. The inferior character of the fruit is 
marked, especially in the Chestnut, by the remains of the teeth of the 
calyx on tlie summit. In the Acorn tlie gland is naked above, seated id a 
cuji: in the Hazel the leafy cupule envelopes it; and in the Chestnut^md 
Beech the spiny cupule encloses several fi'uits. 

282. The Cypmla is a one-sced^d indehisi^t inferior fruit, developed 


Fig. 296. 


Fig. 298. 



B 
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from a umlocular oybtj, and is generally surmounted by the remains of 
the cal^, forming a beak, teeth, or a senes of hmrs or feathers (pappus). 
It is ciiaracteristic of the Compositoe (figs. 296 & 297), and, but for its 
paraus, is hardly distinguishable in the rip state from the achene. 

This fruit is often called an achoeniiim. 

283. The Cremotnrp is a schizocarpous or splitting fruit, consisting 
of two inferior aohcnes formed from a two- or sovcral-celled com¬ 
pound inferior ovary, the colls of which scpaiutc when ripe as indo- 
hiscent COCCI. Tho separate halves of the two-celled fruit of Umbcl- 
lifersB arc frequently called meriearjis (figs. 299-1^01) (Galium and 
many other Euhjpcem, &c.). 


Fig. 299. Fig. 301. 



Fig. 299. Fruit uf (Ewtutke, thn Imlrps not Hi^piinited. 

Fig. {JOO. CroHri wietion of iht* fniil of tin* Ctirwit. 

Fig. :{01. J^Vuit of Umbel]ifi*r»» the uitirioarjiM Hcparat(*d und h^ging Croni the carpophore. 

284. The Dipltiteiiia is an inferior caj)sule, one- or nituiy-cellcd, dehiscing 
by valves or pres (Campatudd). 

285. Tho Bacea, or true berry, differs from the nHcuIanium only 
in being inferior, so that it is crowned by tlic withered teeth of the 
calyx; it is uniformly pulpy, with a thin skin, the numerous 
s 6^8 being imbedded in the pulp (Goosobeny, Currant, Cornel 
(fig. 302), &c.). ' 


Fig. 303. 



Fig. 30^. Crim sootion of Cneiun^. 
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286. The Pomum is a compound, many-ccUed succulent fruit, in 
which the epicarp is fleshy, while the endocarp forms either cartila- 
giiious linings and partitions to the cells (a “ core ”), or bony shells 
around the more or less separated cells (Apple, Quince, Medlar (fig. 
303), Hawthorn, &c.). The fleshy portion of the pome consists in a 
dilatation of the flower-stalk, in which the true carpels arc imbedded. 

-S7. The Pqto, or Gourd, is a succulent inferior one-ccllod fruit, 
until the seeds on throe parietal placentas, imbedded in pulp, which 
often fills up the cavity; the epicarp is more Or less leathery (Cucum¬ 
ber, fig. 304), or*thiekcned and indurated (Gourd). 

288. The Jialmuta is on inferior compound fruit,/(vith a brittle woody 
rind sunviindiiig on irregular assemblage of numerous cells, in which the 
seeds are attached to the placentas, and have a pulpy coat (Pomegranate). 

Infrutescemes or Conjluenl Fruits. 

289. The Syeonus is a succulent fruit, formed of an enlarged 
fleshy excavated or concave flowering axis, in which are imbedded 
nuthcrous separuto fruits with dry pericarps. In the Kg the soed- 
liko jicricarps are seated on the walls of the internal cavity (fig. 306); 
in l)orstenia they ore imbedded in the concave-topped common 
receptacle. 


Fig. 307. 



Fie. Tortioal eoctiem of tlie Fig (JPieuit Cariea), 
Fig, 306. Fruit of MulInTiy (JforuM nigra). 

Fig. 307, Fruit of Pme^pl)le {Ananmm mlwa). 


290. The Sorosis differs from the foregoing by the substance of the 
constituent pericarps, formed of the ovaries and floral envelopes of 
the flowers, becoming puli)y and confluent with each other (Moms, 
fig. 306), and sometimes with the succulent axis of the infioresoence 
(Fine-apple (fiig. 307), Bread-fruit). 
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291. Tho StroUlus, or Cone, is tho charaeteristic fruit of the 
Gymnosperms, consisting mostly of a conical or ovate mass of imbri¬ 
cated scales, with seeds in their axils (or on their borders, Cycas), 
each scale being tho devdopmeut of a single caipd, representing a 
female flower (Hnus). 

292. The ^Ibidus is a kind of cone with few scales, which have 
their heads thickened and forming the periphery of a somewhat 
globular mass, dry (^Gu^ressws), or sometimes succulent (Junipems). 

The Seed. 

293. The consequence of the fecundation of tho ovule is the de¬ 
velopment of an embryo in the embryo-sac (§ 241); and during the 
maturation of the fruit the ovules are perfected into seeds, the essen¬ 
tial character of which is, that they arc independent reproductive 
bodies, contdning an embryo or rudimentary new plant at the time 
when they are cast off by the parent (%. 309). 


Fig. 308. 



!Fig. 308. Beotion of an TTznbelliferoaB flower, showing the two seeds m tUUf each coutaminc 
an embryo at the ajiper end, im?H>ddi}d in albumen. 

Fig. 309. Seed of Castor-oil plant iRurinus) : 4, external view, i?, vortical section; a, lUldim ; 

3, micropylet with an ariUede around it; 0 , rap\e^ lea^ng to (d) the ektdata\ 0 , 
em&ryo, with foliaoeouB cotjfledona^ and fW«e2e pointing to the iMoropylt ; f, endo^ 
ijp 0 m or 

The seed, remains attached to tho placenta of tho fruit, until 
mature, by the/untcuZiM (§ 234), from which it ultimately separates 
by an articulation, so that a scar is loft, called the hilum (§ 236). 

294. Tho direction and position of tho seeds in the cells of, liio 
fruit, as well as the modes of curvature, indicated externally by the 
relative positions of the hilum (fig. 309, a), micropyle (6), chalaza (d), 
and raphe (c), are tho same as in tho case of the ovule; and the same 
terms ^7-240) are made nse of in describing their poculiaritios. 

TD)p race of a seed is tho side or edge turned towards the plnen rita 
from which it arises. 
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The direction of seeds may differ from that of the ovules, by alteration 
in the shape of the ovary, abortion of ovul^ &c. It may be noted that 
anatropoua ovules normwy have the raphe next the placenta if ascending 
at susjwnded, so that the raphe indicates the face; but by irre)pilar deve¬ 
lopment of the pericarp this condition may be reversed in the ripe fruit, 
as in liantmeidus. 

fl95. The seed consists of the proper body of the seed and its integu¬ 
ments, to which in some cases ore added appendages of various kinds. 

The body of the seed is sometimes called the nucleus, which leads to 
confusion, as it occupies the same position in reference to its integuments 
as the nucleus of the ovule, but is no means alwavs identical with it. 

290. The outer coat of the seed, called the /esta, completely en¬ 
closes it, marked, however, by the microscopic orifice of the micro- 
pgle, and by the Jiilum, or scar of the funiculus. The testa presents 
the greatest possible variety of conditions of texture, from membra¬ 
nous, homy, woody, or bony hardness, on the one hand, to a leathery 
or soft, pulpy condition on the other. The dry forms frequently 
cx]}ibit bcau^ully regular markings, such as minute ridges, reticu¬ 
lations (Poppy, <Si»?ene, &o.), spines (/SteKaria, &c.); or the 
margins are produced into sharp edges or broad wings 
(Btgmnia, Pinas, fig. 310); or it bears a crown of hairs, 
or coma, at one end, as in E^nhbium, Asdepias, &c. ^ or , ffW 
it is completely covered with long hairs, as in the Cotton- W M 
plant; while in various Polemoniacem, Lahiatee, &c. {Col- 
hmia &c.) it is clothed with microscopic hairs, which 
expand elastically, and dissolve into a kind of mucilage. 
when wetted. Sometimes the testa is loose, and forms a 
kind of sac around the body of tlie seed, as in Orchida- 
ceoe, Pyrola, &c. * 

T^e inner integument, the legmen or endophura, is not generally 
distinguishable; when it is, it is usually whitish and delicate. * 

The reference of the integuments of the seed to their elements in the 

Fitr. 313. 

Kg. 311. Fig. 312. ^ 

Fig. 814. 




Vigt 31L Vertical acctloii of an achatninm of Itanuneulue, showing the seed with a minnte 
embryo in the aibomen. 

Fig. 312. Bection of the geed dT shawing the itraight embryo in the aziB cA the en^)* 

sperm or albomen. 

Fig. 313. Section of the oaryopsis d Wheat, showing the abnndaat endosperm, a, with the 
embryo, 6, at tne rase, outside. • 

Ftg. 814. Section of the seed of wth the embryo enclosed in tiie endosperm. 
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OTule is a subject of great complexi^, since there appear to be no rules as 
to what regions of the OTule, from the nucleus outvi'ard, shall remain dis¬ 
tinguishable or enter into the composition of the coats. The testa is 
commonly formed of the primine and neeuudine (§ 230) of the ovule con¬ 
joined. i'he tegmen seems to originate sometimes fiwm the secundine, 
sometimes from the substance of the nucleus, &c. Small indehiscent fruits, 
such as the achtenia t§ 257) of Jinfmnnilm or of Labiates, are liable to be 
mistaken for seeds when detached; they are known by the remains of the 
style, and by the complete seed with its proper coat being distinguishable 
on opening Uie pericarp (fig. 311). 

297. A considerable numlwr of seeds possess a coat or ajipcndage 
distinct from the )ifoper integument, and produced entirely during 
the development of the seed from the ovule —^that is to say, after the fer¬ 
tilization of the latter. Those additional structures Jirc frequently 
fleshy when mature, as in the Spindlc-trec, E^wwpnwt, Podo¬ 
phyllum, &o. The older authors called all the forms by the same 
term, arillm; recent authors distinguish the true aidUus, which grows 
up over the seed from the funiculus, like the primine and secundine, 
as in Nymplum, Passion-flowers, &c., from the ariUode, which origi¬ 
nates at or near the micropylc, and grows down more or less over the 
testa, as in Euonymus (where it forms a pulpy coat), in Euphorbia, 
Mimnus (fig. 309), Polygala, <fec. 

The vmee of the Nutmeg is on arillus, adhering both to the hilum and 
micropyle. 

The appendages which grow from the raphe, in Clielidommn, Asmian, 
Viola, &c., are sometimes caUed strophioles. 

298. *T!fc body of the seed is composed either of the etnbn/o alone, 
or of the embryo imbedded in a mass of tissne, called the emlsisperm, 
perisperm, ot albumen (figs. 311-318). Seeds wherein the embryo 
is immediately invested by the integuments are commonly called ex- 


Fig. .317. 


Fig. 315. Fig. 310. 



Fig. 815. Setition of thr sited of Zgehni*, with a peripherically euryt^ exninyo, iurroondiog 
the perisperm, a. 

Fig. 315. Section of tihe Bt^^d of JHp«r, showing the emhiwo in a separate sao at the apex of the 
endoeperm, which latter is hollow in the m/ddh*. 

Fig. 817. Section of the finii of tbe^Coeoe'nnt PHlrn* ahowing the flhroaa epioarp, the woodj 
e&dooarp («*) enolodng the hollow perispenn> in which lies the minute'ooihryo. 
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alh’iminmif (figs. 319 321). Where an endo^erm exists, they are 

called albumirmus (figs. 311 <feo.). 

llie tenn albutnen, founded upon the functional analogy with the alhu- 
men, or -while of an egg, is veiy inconvenient, as it has a distinct chemical 
sense, in which it isfi-euuently used in the chemical questions of vegetable 
physiology; and theremre the word perkperm is preferable. 

2^9. The perispenn varies very much in botli quantity and in 
h'xture—in proportion to the relative magnitude attained by the em- 
biyo (figs. 315 & 318), and in consequence of the difilirent mode of 
development of tfie cellular tissue and its contents in different cases. 

The texture or cousistena) of the perisperm termed mealy or 
fnmiaeeous when it may bo readily broken d<Twn into a starchy 
powder (iis in Com-graina &c.), oily when it is composed of soft 


Fig. 318. 



Fig. 319. 



Fig. 320. 



Fig. 31.*^. a,hiliun; c,raphe; t^ehalaza; 

<», cnihn-'o; perigperni. 

Fig. 31{<. ExHlimminoiiH (li^yledoiions sol'd of a Boan, with the coots remoTlH: ^ radido; 

V 6", ootylodons (wmrotnd to show Uio plmuule, o). 

Fig. Monoootylodoitons oitibrj'os rt'inovoil from the jHtriaiwnn, vortioally siiaed: of 

OdUtptUn«(ri8\ Bf(Oaf): a,radicle; Ojcotyledon; e,plumule. 


tissue loaded with fixed oil (as in the Poppy and Cocoa-nut), mwd- 
hrinotis or fleshy when it is tougher and swells up readily when 
wetted (as in the Mallow), homy when hard and .more or less 
ilastic (as in Cof&'e, Galium, Iris, &c.). 

The perismerm is usually'a uniform moss; but in Nympheea, Piperacem 
(hg. 31(1), Camia, and some other plants the embryo is contained in an 
inner central compartment or sac (sometimes called the amniotic sac), 
so that the peris^nn is hero double j the enclosed portion is some¬ 
times caUed tlie endosperm-, the development of thk.will be described 
in the Pbysiological piut of this work. 

The uniformity of the peiisporni is also destroyed in some seeds by a 
peculiar lobulated condition of the outer portion, the sinuotities being 
filled up and enclosed in an inseparable layer of diflerent-coloured tissue, 
giving a marbled appearance; this, which is seen in the Nutmeg,is called 
a runimated perisperui or albumen. In the Cocoa-nut the uerisperm is 
hollow when mature, containing the so-called milk (fig. 317J. 

300. The mibryo, or rudimentary plant contained in the serf, 
crdinaiily possesses, when the seed is mature, all the essential 
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oi^ns of vegetation, namely root, stem, and leaves, although in a 
few cases the leaves arc undistinguishablo; while in others the em¬ 
bryo is a mere cellular nodule in the ripe seed, as in Orcbidaecse and 
Orobanchaccse. 

301. The end of the embryo pointing to the micropyle is the 
radicle tflgs. 318 321 «) or rudimentary root, forming the lower 
end of the axis which terminates at the other end in the idumvde 
(figs. 319-321 c) or rndimentary terminal bud; the rudimentary 
loaves, called eotyledom (tigs. 319-321 h", h' 6), differ in number in thts 
two great classes of Angiospermous Flowering plants, since in the 
Dicotyledons thereto two, placed face to fsflSo at the upper end of the 
axis, with the plumule between them (fig. 319) ; and in Monocoty¬ 
ledons only one exists (or the rudiment of another on a different 
level), and this is more or less r.ompletely rolled round the plumule, 
like the sheath of the Jeaf in Grasses (fig. 321). 

Fig. 321. Fig. 322. Fig. 32.3, Fig. 324, 



Kg. S21. Exalbrnniunnii Monacofrlt-donniM wpd of FaUmmietan, with the coat removed: 
a, radicle; A, cotyledon; c, plinnule. 

Kg. 322. ®|j^“ Fima, exlraetcd from the cndoai>crm, and tho ootyk-domuy lobes tepa- 

Kg. 323. Vertical section of the seed of Atr^ neltajmna. 

Fig. 32-1. Vertical scediion of the seed of the Hop (rfamu/as). 

The embryos of the Gymnosperms are either dicotyledonous, as in Cyeas, 
Taxw, Juniperue,^ &c.,or really or apparently poh/eoti/hdanmu, as in ih'nuH 
(fig;. 322), where it is said that the seeming whorl is ibmiod of two deeply 
divided cotyledons. 

302. The emhiyo, whether .covered only by the coats, or imbedded 
in peris])erm, exhibits many varieties in the relative position of its 
parts : thus it may be straiffjit (fig. 312), curved, arcuate, or hookeil 
-(fig. 323), spirally coiled (fig. 324), or fohM ; in tho last case tho 
radicle may he folded against the back of one of the cotyledons {ineum- 
bent, fig. 325), or against their edges {aeeumhetU). The cotyledons, 
which are usually of fleshy texture, and vary much in form, degree of 
expansion, and solidity in different cases, are occasionally rolled or 
folded up like leaves in leaf-buds (figs. 326 & 327); and those are 
described by the terms defined above under the vernation of leaves 
(§ 113). l^ey have sometimes quite a foliaceous character, as in 
Oonvolvulus, Ricinm (fig. 318), <Scc. The fleshy kinds occasionally 
cohere very firmly in Dicotyledons in the mature state; and they are 
sometimes of unequal skcj'as in Trapa natans. 
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In most cases the cotyledons form the greater part of the embryo; 
but sometimes they are very small (JBarriru/tonia), while in Cuseuta, 

Fig. 325. 



Vortical Bootion of tho seed of Fhyrimum : n, fhnioaliM. 

Fig. 2)2(1 DicntyledonooB onibrjo ertnioied from a Turmp~8<*(*^ 

Fig. 2)27. Dicotylcdonuos embryo extruetud from the s^ed of the Maple (Acer). 


a leafless parasite, they arc undistinguishahlc. The cotyledons usually 
decay after the germination of the seed; but in WelwitstMa the two 
cotjiledous are persistent, and form the only leaves of the plant 
throughout its life. 

303. The relations of the embryo to the perisperm and integu¬ 
ments afford some regular conditions, to which special terms are 
applied. With regard to the perisperm, the embrjm may be axial 
(fig. 312), and then merely with its cotyledons lying against the 
apex of the perisperm, as in Oarex, or completely immersed in it, as 
in Polyijonvm; it may be ahaxiul or excentric, when the layer of peri¬ 
sperm is thickest on one side; or it maybe external, and tj^en either 
lateral, as in the Grasses (fig. 313), or peripJurical (albumen eentrale), 
when it evuwes round the perisperm, as in MtrahiUs, Lychnis (fig. 315), 
&c., or with the perisperm outside (uWumen peripliericmn). , 

304. The direction of the embryo in relation to the nueropyle is 
almost always constant, the radicle pointing to that orifice, which 
indicates the organic apex of the seed. 


CHAPTEE III. 

MORPHOLOGY OF THE CRYPTOGAMIA. 

Gsxsrxl Observations. 

305. The general distinctive charaoteristios of this division of the 
Vegetable Kingdom arc:—1st, the substitution for flowers of sexual 
o^ns which, although analogous in many respects, are of very 
difierent structure from those of the Phanerogamia, and are both in¬ 
conspicuous in relation to the vegetative organs, and very transitory 
m their existence; 2ndly, the production, by the various forms of 
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firnit, of the reproductive bodies called sports, destitute of an embryo 
and often consisting of simple cells, instead of seeds like those of the 
Fhancrogamia. 

306. By these characters the whole of the Cr 5 'ptogamia are at once 
separated from thePhanerogaroia, and at the same time allied together. 
The Cry|)togamia themselves arc di^dsible into two principal groujw, 
characterized by the stnicture of their vegetative organs and the 
nature of their fructifieat ion. The higher group, comiwsed of the 
Foms aTid their allies, the Mosses, &o., are related to the Phano- 
rogamia by the possession of an avis or stem bearing leaves and roots; 
and their spores matured in sjK'cial oi^ans, called simre-eases or 
syoranges, formed trom the foliar oTgatis. The lower groups present 
no cleariy marked distinctions between root, stem, and loaves; but 
their vegetative struci'ure presents itself in a vast variety of forms, 
often of indeterminate mode of growth—sometimes imitating a leaf, 
sometimes a stem, and sometimes a root, but always com^wsed of 
simple cellular tissue, and without loaves or leaf-buds. 'I'his struc¬ 
ture is known by the name of a tJiallns, signifying a hed or lui/cr. 
The simjdest plants of this class consist merely of single cells, Tn 
other cases the cells arc arrangcil in linciir series, simple or branched, 
or in planes; and thus by stages of gradually increasing complexity 
the higher groups arc reached. The reproductive orgims have now 
been ascertained in so many instances to bo, some amdogous to the 
male, others to the female organs, that the existence of sexual re¬ 
production may be regarded as general throughout the group. The 
spores of the Thallophj’ta ?ire not produceil in highly organized cap¬ 
sules like those of the Augiosporsc, but lobes or parts of the thallus 
are more or less modified to form fruits of diverse form, in wliich the 
spores are produced in more or less exposed’ parent cells, or tftmi?. 
from which they are directly discharged when mature. The Thal- 
lophyta arc likewise extensively projjagated by cells (mnidia. and 

f nidia) , which become detached from various points of the thSlus; 

esOjTiowevcr, arc analogous to hulbeh, and not to seeds or spores. 
Many of them ore reprodueed by zoospores, or cells which become 
detached froni thTparent plant, swim about in water by moans of 
cilia, and ultimately become developed into a thallus. In other cases. 

S ' n, reproduction is effected by means of a process termed conihga- 
. wherein a communicatiun l)etwecn Wo cells is established, and 
Qie contents of the two lajcome blended into a single spore. 

The modifications, both of the vegetative and reproductive organs of 
the Cjyptogomi^ are so numerous and diverse, and so characteristic in 
each c!a%, that it is most convenient to treat their morphology under the 
separate heads of the classes, ant) not of the orgajis themselves, as has been 
done with the Phanerogomia; hence further remarks on this subject will 
be found nnder the head of the sevewl groups, and in the physiological 
portion of the work. 
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SYSTEliJAlIC BOTANY, 


CHAPTER I. 

PRINCIPLES OF CLASSIFICATION. 

Sect. 1. Species aso Geeeba. 

307. In the stmly of Vegetable Morphology we endeavour to 
(liscriminalo the ditreient kinds of organs possessed by plants, to 
refer to their aiipropriate tj’jies the infinite variety of their forms and 
modifications, and to ascertain the general laws under tho regulation 
of which the diveivity of actual conditions is evolved. In Syste¬ 
matic Potuny a different problem is set. It is no longer in tlio 
separate puits or organs of plants that wo seek the primary facts 
upon which to found our generalizations, but in entire plants possess¬ 
ing peculiar assemblages of morjihological characters. Our object, is, 
in the first place, to^stablish analytically our elementary fec^ in 
tho rigid definition of the distinct kinds of plants; and, in the next 
place, synthetically to generalize them, by gathering the kinds into 
classes, according to essential agreements among themselves, which 
classes thou become types of the Vegetable Kingdom, and illustrations 
of the physiological and morjihological laws ruling the existence of 
plants. 

Just a.s in moiphology the study of the ^ciol forms of organs in 
detail must precede the formation of a clear general conception of each kind 
of organ, so tho study of individual kinds of plants must precede the Ibr- 
mation of clear ideas respecting classes or aggregates of plants. But, on 
tho other hand, ns the establishment of morjihulogical principles fiscUitatos 
the discovery of the true signification of oigans of unusual character, the 
establishment of philosophical principles of classification leads to the re¬ 
cognition, not only of the relations of obscurely characterized kinds of plants, 
but of the relative importance^ in a systematic point of view, of the ditferent 
characters by which the particular kinds of plants are distinguished. 

These considerations indicate tiie main diBtinction between what are 
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called Artifieial and Natural Classifications. In the former, the only 
object is to arrangdibr place objects in such order that we may find them 
readily by some prominent mark, in the same manner ns words are arranged 
alphaMticolly in a dictionary. In Natural Classification, the obiect is so 
to combine our materials that the things brought closest togetber shall 
have the greatest possible agreement; ^m which it results that a know¬ 
ledge of idl the peculiarities of one carries with it the knowledge of mont 
of those of its neighbours, and enables us, from the observation of a portion 
of the characters of a given kind, to foresee the rest, or at all events to 
determine the limits beyond which it cannot vary—in the same manner as 
we conclude from our knowledge of a noun substantive 'an to the meaning 
of the derivative verfo with its adjectival participles, &c. 

308. Systematic ISotany is founded upon the recognition of tho 
existence of distinct kindn of plants—a notion which of course 
belongs not to science Axclnsively, but is a part of the common ex- 
perienco of the world. But there is a great difference, practically, 
between the kinds of things accepted in tho ordinary affairs of life 
and the kinds admitted in science, more especially in tho Biologjcul 
sciences. Tho idea of a kind, or, as it is tcimcd, a species, in Botany 
and Zoology, is a conception which has something peculiar to itself 
08 part of ^esc sciences—and is not only rigidly defined, hut its 
definition is made to depend upon considerations of the widest 
generality. 

309. We may adopt, from universal experience, the assertion that 
the Vegetable Kingdom consists of plants of a vast variety of forms, 
and, further, that we meet with more or less considerable numbers 
of individual plants possessing similar forms, or ufadistingiiishable 
from ono another by any differences except those of size, height, and 
the like. In common language, we connect together all such similar 
forma under one name, saying they are all of fee kind ; this simple 
abstraction is a rough exemplification of tho naturalist’s species. But 
science requires that tho ideas upon which it builds should be 
firmly established and accurately defined. Now it will be commonly 
found that the notions of tho distinction of kinds held by ordinary 
persons are totally deficient both of fixity and generality; and if 

■ inquired into, they will be discovered to rest upon arbitrary, and often 
even upon false grounds. Hence the naturalist, admitting the 
general fact of the existence of kinds, seeks for something more 
fixed, more essential, by which to define the idea, to servo as a guide 
and rule in obsciu'e cases, and as a means of establishing among the 
onltivators of science that agreement upon fundamental propositions 
which is indispensable to the advancement of knowledge. 

310. We have admitted the common notion of kind, as founded 
on resemblances. There is another fact of daily experience which 
is no loss important in reference to this point; that is, the oiroum- 
stonce that plants produced from seeds most commonly ro^mble in 
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all important respects the parent plant from w^ic& the soods are 
derived, and this through an indefinite number of generations; 
from which it follows lhat kinds or species of plants are regu¬ 
larly reproduced by their seeds. . 

811. According as we attribute greater weight to one or the other of 
these departments of experience, wo shall bring forward most pro¬ 
minently one or tho other of the two most important of the characters 
by which the idea of a species is defined. Ist. A species consists of 
all those indis-idmils which agree in all their important characters, 
in tho same way as do individuals of analogous structure, which we 
know to have descended through a number ofr gcncrations from a 
common stock. 2nd. A species consists of Ail those individualB 
which have benm produced through seed from An original individual, 
or pair of individuals, of a distinct kind; or, t6 put it loss hypo¬ 
thetically, a species includes all the descendants of an indeterminate 
number of progenitors which did not ditter from each other in any 
characters which are constant in their progeny. To these may Iw 
added the assertions that individuals of the same species may bo 
cross-fertilized, to tho improvement rather than tho detriment of the 
fertility of their seeds, and that they arc affected in a generally 
similar manner by external agencies. 

It must bo repeated here that the whole o^ect of these definitions is 
to moke clear and predse a notion derived directly from general expe¬ 
rience, and not merely to set up an imaginary or motapbysic^ conception 
which is not realized iu nature. Species, on this view, actually exi.st; 
for every individual n'prosents the spedes to which it is referred, and 
cun only differ from the description applied ns characteristic of it in 
possessing certain additional, unimportant peculiarities, which may be 
passed over when considering this individual in the light of a repre¬ 
sentative of its species. • 

Diversity of opinion still exists among naturalists as to the origin and 
fixity of species. On the one hand it is assumed that every distinct 
species has originated in a distinct creation of that form, which has Iieen 
perpetuated, with the essential characters unchanged, through succeeding 
generations. It is usually added by the same school that, as regards 
plants, every species has originated from a single prototype, or a pmr of 
parents where the plant is dioedous. . , 

It is of some considerable importance whether wv suppose the pro¬ 
totypes to have been singly created or in numbers, since, as has been 
acutely observed, the admission of a number of simultaneously created 
prototypes gives the possibility of certain vanetien, or races as they are 
called, being aboriginal, like flie spedes itself; while extension of the 
original creation may also he carri^ so for as to contradict not only the 
assumption of what ore called original centres of diffusion of species, 
the basis of most of the generalizations of Geogr^hical Botany, but also 
the hypothesis of the single origin of spedes in time, which is necessary 
to all paheoutological arguments respecting the relative age of geologicu 
formations. 
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On the other land, it is contended by some writers that species are not 
all aboriginal; and mis notion involves the conclusion that they are not 
absolutely invariable, and the developmental doctrine is thus ^opted, 
often indeed in a modified form, by the supposition of the creation of a 
certain number of prototypes, from which, under the influence of varying 
external agencies, the multiplied forms have, in the course of long ages, 
been evolved,—an assumption less warranted by experience than the 
assertion of distinct cuBations. In adopting the hypothesis that species 
are invariable, and that the prototype or protolypes were created at one 
time and in one place, wo believe that we accimt the vjew supported by 
the preponderating aniouiit of evidence, which is necessarily scanty on 
both siaes. And wh^t appeals to us still moi-e important is the fact 
that we here take up i^ pnuciple which is far more fruitful in conclusions 
leading to a lucid and f-onsistent view of the creation. 

Mention has been marie of modifications of individual representatives 
of species, under the name of Varietie». We have stated that species are 
distinguished by their constant characters, but that individuals may 
possess other amitional characters of less importance, which ore incon¬ 
stant. Even as in the human species we find eveiy individual possessing 
certain peculiarities, so even in almost to the lowest of created Mings do 
we find whnt is called an idiosyncrasy, and individual character, chiefly 
depending, in the vegetable kingdom, upon the conditions under which they 
have grown up. We often find seeds from the same parent producing 
individual plants diiiering in the colour, size, and number of their flowers, 
and of their vegetative organs, according to the conditions of climate and 
sou to which we submit them. Very often, moreover, we find these difler- 
ences displaying themselves under what appear to us identical conditions— 
as is particularly the case with many of the favourite “florists’ flowers,” 
such ns the J’elargmimn, Ftwhiiti, Pinks, Asters, &c., which “ sport ” out 
into mimberlesH varieties when raised from seed under highly artificial 
conditions. The occurrence of such variations is less common, and, when 
it occurs, generally less marked in wild plants; which might natuially he 
expected, from the likelihood of wild pltmts’ maintaining their footing 
best in a position where the conditions are most natural to them; but we 
do find remarkable cases of variation in many wild species, as of colour in 
the common Milkwort and the Columbine (AquUegm) ; hut most of those 
kinds which exhibit the tendency now and tuun in a wUd state, become 
extremely variable under culture. Some of the variations ore dependent 
simply upon modifications of the cell-contents of certain tissues, as in the 
■" commonest of all variations, those of colour, and in the not uncommon 
Mpearance of white patches and streaks (“ variegation ”) on the leaves. 
Otner variations are teratological, and result from the over-stimulation of 
the_ vegetative system, causing the reproductive organs to degenerate (of 
which the ordinaiy “ doubling ” of flowers by the defn^dation of their 
staiuena into petals is an example)—or, vice vend, the application of 
stimuli at particular epochs, producing remarkable dovelopmemt of flower 
or fruit. _ All these variations, more especially those involving serious 
teratological changes, tend to disappear. Common variations, of slight 
importance, mostly die out at onco in the descendants through seed, 
especially if the conditions ipre varied; serious departures from the typical 
stracture (teratolomcal variations) leM to barrenness and incapabinty of 
continuing either the variety or the species by seed. 
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It is important to note here a fact which will be more minutely 
examined in another place, namely, that although the peculiar characters 
of yarieties are commonly lost in seeds, the peculiar form is capable of 
indefinite propagation by vegetative multiplication through cutUnga &c,, 
the special idiosyncrasy being possessed in conuuon throughout all the 
leaf-buds, both while forming part of the parent and after they have been 
detiiched from it to fom new plants, grafts, &c. 

A c«Mtain number of species which vary more or loss in a wild state, 
exhibit a remarkable pecuharity under systematic cultivation. IJv strictly 
maintaining a certain set of conditions, varictios originating accidentally 
or through intentional treafmimt are made to mamfest tlieir additional 
peeuliariti«<8 so strongly, that they transmit the. tendency to present 
similar peculiarities to their seeds; and such tran^hission goes on for an 
indefinite number of generations, provided the requite exterhd conditions 
are kept up. In this way arise what ara called series of individuals 
connected by common characters and by generation, like species; but, 
imlike them, liable to lose, in one or a few generations, under change of 
conditions, pari', or all of tho essential characters by which they are distin¬ 
guished. We have examples of such races in most of our esculent vege- 
taldes, especially in the many varieties of form, more or less permanent, 
derived from the wild Cabbage (Jirassica olerarea). 

These, together with Jlyhrids, or the produce of cross-fertilization 
between individuals of distinct species, will he referred to again among the 
phenomena of the Physiology of lloproilnction. The determination of the 
limits of species is greatly obstructed in many cases by the frequent 
occummee of varieties, and more particularly of races—to w'hich hybrids 
add another compli<;ation, probably of less importance than many modem 
authors suppose. It app<jars proljahle that the number of real'spticies is 
far smaller than is usually supposed, and that mmiy races, and a large 
nuinher of frequently lecuiring voiielies, hold a place in our existing lists 
of species. 

■ 

312. In the foregoing paragrii])hB we have endeavoured to define 
and explain the universal idea of 8])ecios, or kinds, in its peculiar 
acceptation in natural liistory, more particuliirly in Jlotany. Agjiecies 
inrludm aU the indivUlitaU iluit agree in. all their constant eharaeters. 
If distinct 8i)eeies exist, it is clear that they, on the other hand, 
mu.st differ in their constant characters. But whenever we examine 
a large assemblage of distinct species, wo shall find that certain 
of these agree with certain others more closely th*n with tho rest; 
so that we may parcel them out into groups, in each of which 
wo shall find an agi’cement in a number of common characters, 
by which it is iJso distinguishable from the other groups. Gene¬ 
rally speaking, we shall find that we can place together a number 
of species agreeing closely in the essential plan of construction of 
their^m? organs, while they differ in the forms and duration of 
their vegetative organs «kc. Groups of this kind are called genera ; 
and the notion of a *genm, like that of species, is not only common 
to aU departments of human knowledge, but it is also existent 
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in the language of common life in its special natural-history sense, 
only requiring for scientific purposes to be more strictly defined. 
In every language we find generic names applied to plants, such as 
Willow, Rose, Yiolet, and a hundred others, each of which terms is 
indicative of a group of kinds or species, more or less extensive in 
different cases, correspbnding exactly in its logical value to the 
genue of the botanist. 

Some of these groups are characterized by very striking peculiarities, 
so that even the genera of vulgar language correspond very nearly with 
those of the botanist;. but in the geneiali^ of cases the popular collective 
names are applied oil simerficial grounds of resemblance, and include 
widely diverse specieso For example, the term Violet is made to hind 
together not merely thdwsommon scented and other true Violets, but the 
Dame’s Violet (Beepert^, a plant of the Cabbage family, the Calathian 
Violet (Grnfimn Pnmm(mmtke\ a true and characteristic Gentian, the 
Dog’s-tooth Violet (JRrythrmimm Dene-Oiiiis), a plant of the Lily family, 
&c.; while the term Rose is extended from tnie noses to Cieti, or Rock- 
roses, Rhododendrons, Alpine Roses, &c. StDl some real genera <ire 
characterized in a sufficiently marked way for most of their constituent 
B^ies to be reeognized as such pretty readily, after a very small amount 
of attentive examination, as, for example, true Rose8,,Willows, Pinks, &c.; 
and we caU such genera, including species of a very marked similarity, 
“ natural genera ” par excellence. On the other hand, the principle of com¬ 
bination which accords with the intuitive classification m those natural 
genera leads to the establishment of other genera wherein the species 
seem at first sight to difier widely, of which we could not have a better 
example than in the genus Euphorbia, where' our native species are incon- 
^icuous herbs, while the tropics aflbrd species 'with large spiny Oactus- 
hke trunks, &c. 

Moreover the carrying out of the same principle leads in certain cases 
to the generic separation of species which present close agreement in 
their'" general characters, but are distributable into a number of groups 
characterized by very decided morphological di'Versities in important 
parts of theirfloral or^ns. 'Thus, in the UmbellifersB, the Composite, tho 
Grasses, and some other families, we separate gcnericoUy smeies which 
have a great resemblance in the majority of their characters. ’This happens 
especially in what are called verf/ natAirai famUke of plants, large assem¬ 
blages of genera e-yidentiy connected with each other by the presence of 
some very mhrked pecidiarity, such ns the Umbelliferous inflorescence, . 
tiie Papilionaceous corolla of the Legiiminosie, the Oapitulous inflorescence 
of the Compositee, the peculiar spikelets in the Grasses, &o. On the other 
hand, the natural genera ” occur mostly where the character of the natural 
family is more lax and flexible, as in the Ronunculaceso, Rosacese, &c. 

In "the present state of knowledge, it must be admitted that a large 
portion of our generic distinctions are somewhat arbitrary, and that the 
species included in some genera agree together much more closely than 
those combined under other generic heads. At the same time it cannot 
be doubted that some genera are really far more extensivd^ represented 

Species than others; so that the mere number of kinds mcluded in a 
genus is to be totally neglected in a natural cliissification; and many recent 
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authors hare done disserrice to science in general by spKtting np large 
natural genera on slight characters for the convenience of systematists. 
It is far more instructive to keep togethtir the members of large natural 
genera, like Erica, Ergmia, &c., than to subdivide them under 

names which disguise their relations; and the convenience of systematists 
may always be sufficient^ regarded by the establishment of sections in 
extensive descriptive works. 

yi3. Genera are groups of species associated on account of agree¬ 
ment in the essential characters of their floral oigans ; but here, as 
elsewhere in nature, variations from onr abstract types mnst, to a 
certain extent, bo admitted. Some undoubtedly natural genera in¬ 
clude species with their floral organs varying in certain particulars 
more than is usual in groups associated under a Common typo, some¬ 
what as certain species admit of a wider rax/ge of variation than 
others. Here, again, physiological characters TMXJome of value: and 
as in species we regard the fertility of the seeds produced by un¬ 
limited cross-breeding between the varieties as a prorf of these being 
individuals of the same species, so with regard to genera it is com- 
morfy held that a geneiic coniiexiou between diverse specira is 
indicated by the capability of producing hybrids by cross-breeding. 
These true hybrids imoducod between distinct species of the same’ 
genus are barren, or can only breed with individuals of one of the 
parent BjxKiics, which soon eliminates the cross, and leads to a com¬ 
plete reversion to that species. 

This physiological test is consonant with morpholo^cal evidence. In¬ 
dividuals of the same species are capable of indiscriminate fertilization 
because they are exactly alike in all essentials of structure. In hybrids 
produced between two species of a genus, the parents agree sufficiently in 
structuxe to allow of their producing a few fertile seeds, but the plants 
raised from these seeds contain two contradietoTy impulses^ which so far 
prevent the perfection of their organization that they remam barren. * 

314. [The above remarks on the nature of species were penned 
before the publication of Mr. Darwin’s work on the ‘ Origin of Species.* 
It is of course iulpossihle to say to what extent, if at all, Professor 
Henfrey’s views on these pomts would have been modified by the pub¬ 
lications of Darwin, Herbert Spencer, Wallace, and other advocates of 
what is termed the hypothesis of the derivative origin of species; hence 
it has been deemed preferable to retain Professor Henfrey’s opinion 
as above expressed, without addition or modification. It is neverthe¬ 
less desirable to state succinctly the views now held by a large number 
of naturalists as to the origin and progress of the aggregates or forms 
called species. Assuming, then, the existence at t^ present epoch 
of certain aggregates of individual plants which may conveniently he 
called species, these species are, on the derivative hypothesis, sup¬ 
posed to have' originated from other pree^stent species, and those 
again from others; so that in the beginning, it is suimised, there 
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were but a very few primordial forms, from which all existing 
species have been derived, just as individuals may bo traced back 
to a common parent stock. 

Supposing species to have originated in this way, the question then 
arises as to what causes have produced the mo^ficatious. MTiere, 
on this hypothesis, there were originally a very few, or perhaps a 
single primordial form, to which all then existing individuals might 
bo referred, there is now an infinite number of forms both in the 
animal and vegetable kingdoms. How have these forms arisen ? To 
this question the answer given by various natiiraUsts has been 
difiercut. 

By some the vai^itions have been attributed to the influence of 
external conditionsKby Darwin to an innate tendency, producing 
variations of Btructui!i:>, some of which, under given circumstance, 
would be favourable to the progress and development of the individual, 
and others not so. In the battio of life, the struggle constantly 
going on in animated nature, those variations most advantageous to 
the organism in its comiietition with others would be preerved by 
“natural selection,” while other variations of less adviintageous 
character would bo obliterated or not perpetuated. Hence the 
victory would bo to the strongest, the weakest would go to the wall, 
and the result would bo, in Mr. Spencer’s language, “ the survival of 
the fittest.” It will thus bo seen that on this hypothesis siKjcies 
are not considered immutable, and variations, especially such os 
are advantageous to the organisms, are regarded as the starting- 
points of new species. "With reference to these points the student 
will do well to bear in mind that these and kindred speculations arc 
not to be treated as dogmas or creeds, but as means to an end, and that 
end the more perfect knowledge of the origin and relation of existing 
fortns. Any hypothesis or theory which will serve to correlate and 
bind together a number of otherwise isolated facts and explain their 
interdependence, is valuable not only for what it efibets at the 
time, but as a focus around which other facts may in future bo 
gathered. That hypothesis is best which serves to give a rational 
explanation of the largest number of observed phenomena of the 
greatest importance. Tried by this test, the Darwinian hypothesis, 
or, rather, the thboiy of evolution, has great advantages, and presents 
on the whole fewer difiicultics and less inconsistencies than the older 
hypothesis of separate creation of each species. Particularly does 
this seem true in the case of the subject now before us—the classi¬ 
fication of plants. The admission of the principle of filiation and 
genealogpcal descent gives the natural systam of dassification a 
dearer daim to its titie of “ natural ” than it had before, supplies 
the explanation of a vast number of phenomena otherwise inexpli¬ 
cable, and ofiers plausible and valid reasons for the existence of facts 
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and processeB that were preTionsly considered either nnintclli^ble or 
purposeless modifications of an assumed structural type. The portion 
of Mr. Darwin’s fajpothesis which has jierhaps recoive<l the least 
amount of assent has been that relating to natural selection. The 
idea was based on that artificial process of selection by means of 
which man has been enabled progressively to improve and perpetnnto 
the diflerent forms of domestic animals and cultivated plants. In the 
latter case the horticulturist is ever on the look-out for variations. 
If ho sees one that suits his purpose, such, for instance, as a form 
producing larger fibwei-s than ordinary, he does all that he can to per- 
])ctnato that variety by carefully selecting seed from it, at the same 
time that he destroys or neglects other less desiri^do variations. In 
this manner, after a time, the selected variety loonies “ fixed,” and 
a “ race ” is formed, (hi the Darwinian hypothi4is a selective process 
is supposed to occur naturally, similar to that employed by the 
pirdcncr or agriculturist as just explained, such selection or elimina¬ 
tion r(»nltiDg, as before said, in the survival of the fittest.] 

Sect. 2. Nomenclatube. 

315. The Terminology of Dot any establishes exaet rules fot naming 
the jiarts or organs of jilants, and the diflerent characteristics which 
those organs present. Nomenclature deals with the naming of plants 
themselves as members or parts of the Yegetable Kingdom; and it 
furnishes the rules for naming the kinds of plants, and the various 
groups or assemblages in which they are associated in our systematic 
classifications of kinds. 

Common and striking plants pissessed names before the Science of 
Botany existed; and the earlier bolauiisls adopted those names j but the 
natural result of minute investigation has been, on the one hand, to prove 
that diflerent things were often confounded under one name, and, on the 
other, to ascertain the existence cf multitudes of plants previously un¬ 
known, and for which no names existed. For a long period the wants of 
botanists in this respect were supplied somewhat irregularly—either ly 
associating characteristic adjectives or_descriptive sentences with existing 
names, or, where a decided mneric distinction was manifest, 1^ the in- 
ventiun of new names, which laid the foimdation of a purely technical 
nomenclature. _ * 

It has been remarked in a preceding section that the groundwork of 
the scientifle idea of a genus exists in common lan^age; and we find that 
names applied to collections of Iduds alamnd in the languages of all races 
of men which have made any considerable progress in intellectual cultiue. 
In most, if not all, languages there is a strong tendency to ^ve them a 
substantive value, and to separate the included species by ^jectival quali¬ 
fying names. It is true that these generic substantives must be founded 
in the first instance on the observation of a simple kind; but, in the im¬ 
perfection of early observation, the term is ^tended by generalization 
long before tiie peculiar characteristics of the included species ore clearly 
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disciimmated. Hence we find the majority of the plants named in the 
oldest writers, and in the lan<^age of common life, designated in the first 
place according to supposed generic characters, and only secondarily 
according to specific dimrences. 

316. Botanists accept the rule of nomenclature given by common 
language, which makes the generic name the basis of the name of all 
species. In respect to this, then, interference is restricted to the 
clear distinction and rigid limitation of groups which are combined 
under generic names. 

3.17. In respect to species, however, it was long'ago found that no 
mere modification of the rules of ordinary language would suffice to 
bring the nomonckture of plants into that definite and simple con¬ 
dition which is on(\pf the primary conditions of scientific progress; 
and the immortal Lil^mus, who effected such a flruitful revolution in 
descriptive natural history by the establishment of a fixed and rational 
terminology, famished one of the most valuable instruments for the 
promotion of philosophical natural history when he propounded the 
now universally adopted scheme of tlie binomial nomenclature. • De¬ 
parting from the inconvenient and illogical principle that the name of a 
thing should be a description of it, ho carried out the method of abstrac¬ 
tion from the tfenus to the specie, and made a single word serve the 
purpose of a sign at once of specific value and of specific peculiarity. 

The primary rule in botanical (and zoological) nomenclature is, that 
every speciex shall have a particular name, compounded of a substantive 
and an adjective (or substantive used adjectivcly), whereof the former 
indicates the penus, and the latter the species. 

This rule of naming may be compared with the common usage of sur¬ 
names and Christian names, the former indicating the family to which a 
man belongs, while the latter admits of his being spoken or written about 
without the necessity of adverting, except for roecinl purposes, to his per¬ 
sonal peculiarities or his relationship to the other members of his family. 

318. These scientific names of plants were originally established 
in Latin, because Latin was the general language of science at the 
time they were introduced, and they will be retained with advantage 
BO long as diversity of language exists, since they ensure to aU plants 
and animpls names which have universal acceptation, and which, 
like the Arabic numerals 1, 2, 3, &c., are equally comprehensible to 
the educated of all nations. 

With regard to what are called “vulgar” names of plants, much stress 
is laid by some writers on the desirableness of possessing a name in the 
ordinary language of each countiy. It seems to us that while a real ad¬ 
vantage exists in ascertaining the scientific value or synonym of the 
vulgar names which from long use form a real part of a language, none is 
gained by making fresh names, by translating the Latin names or other¬ 
wise, for species not previously recognized by ordina^ persons# the use 
pf such pseudo-vulgar names m poetry or other imaginative fiterature is 
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equally pedantic and inliannonioua witli tltat of Latin terms; and where 
exact ideas are to be communicated, the technical Latin names are less 
equivocal, and j^nerally preferable on the score of brevity and simplicity. 

If all generic names were significant of striking peculiarities, more 
might be stud in &vour of translated names; but such is nut aud cannot 
be the ease, and hence the slight amount of^iuformation possible <obe 
conveytid in this way to the uneducated should not weigh at all against 
the enormous inconvenience and confusion which would occur to seienco 
from the adoption of a complete set of vernacular synonyms for general 
use in each language. Sufficient inconvenience is felt in this respect by 
foreigners, from tht^ frvour with which a pure and idiomatic vernacular 
terminology and nomenclature is regai-ded by German naturalists, to serve 
as a warning to those who would introduce it elsewhere. 

319. The substantive names of genera havf;''been and are still 
formed very arbitrarily, and witliout any generally recognized 
principle. 

All those which liave been identified as known to the ancients are 
called by their classic names, such as Prwms, Myrtm, Querctut, Thymus, 
&c., the etymology of winch is more or less obsimre in various cases. A 
very large proportion of modem generic names are founded upon com¬ 
binations of Ijatin and, more particularly, Greek words indicating some 
obvious external jieculiarify, or some property possessed, or supposed to be 
possessed, by the plants; but the ap^cation of this principle has often 
been carried out without accurate knowledge, and wimout happiness in 
selection, so that many such names are but little characteristic, and would 
often apply more correctly to other genera. Those, on the contrary, which 
are well chostm afford a certidn assistance to the memory; examples of such 
names, founded on stmeture, occur in:— LMuuspermwm, so called from its 
stony fruit (or supposed sued); Campiumla, from its bcll-shajied corolla; 
SayiUaria, from its arrow-shaped leaves, &c.: on mialities, in Olycyrrhisa 
(Ijiquorice), from its sweet rhizome; Ituhia (Madder), from yielding 
a red dye; Xoctuea (Lettuce), from its nulky juice, &c.; or on accustomeu 
station, as Arenaria, Bpidetidrum, &c.: others have derived their nanfus 
from supposed medicinal powers, such as Ptdmmuiria, Serophulana, &c. 

Another large class of generic names is founded on proper names 
either of mythological or real personages, more especially distinguished 
botanists, to whom the genera are dedicated. Lionmus drew largely 
upon classical mythology and legendary history as a ready source of 
diverse names for the many newly defined genera he had to deal with; 
and the names Iris, Arteiiusm, Amai-yUis, Nareimts, See. stand dut strongly 
in their euphony from most of tlioso founded on modem names; such 
names, however, as Limiasa, Lobelia, Dioseorea, Magnolia go far to rescue 
the principle of naming genera after botanists and their patrons from the 
opprobrium brought upon it by such as Schwnacheria, Schteeyckherta, Ila- 
zoumotoskia, Sschscholtsia, and the like, and will probably be preferred by 
most persons even to such “ characteristic ” names as Pkuroschismatypus, 
OxydophyUum, Pachypterygium. GUschrocaryon, See. 

in face of these last, the pseudo-Latin barbarisms ITiea, Ctffeea, Barn- 
Imsa, which preserve the original native natpes of plants, become no 
longer imcouth. 



SrSTEUATIC BOIAirr. 


166 

• • 

320. Speeifie tvjmes aro always cither adjefthes, or suf>s(anUves 
used adjeetively. AVhen they are adjectives, they must of course be 
made to agree with the substautivo; and it may bo recalled to reool- 
leetioii that in Latin all names of trees are feminine, whatever may 
be the termination. 

In the majority of cases, the specific names are selected on similar 
ground to the generic. Attempts ai-c very commonly mode to render 
the name chara(!teristic, a procoodiiig winch in many cases afibrds a 
certiun advantagti; but when, on the contrary, it is carried out in im¬ 
perfect ac({imiutauce with the species of larf^ gen<!hi, it leads to con¬ 
fusion. Sometimes these names indicate the character of the leaves, as 
in TUia yrandifolia pnd parvifdia, Mentha rotundifolm ; or the existence 
of a definite number^QOs in PlaUudhera hifoUtt, Paris quadrifolia, &c.; or 
the character of the ^florescence, as Jtiiomus timhellntns, Bromns race- 
imstts, &c. Or the “habit ” of a species is indicated by such adjectives 
as nutjor, minor, pmUlm, nanns, gracilis, scumleits, &c.; or its duration, as 
by annm, perennis, &c.; and in some cases comparisons with other phmts 
are marked, as in Bamincdus mvnitifidiits, Acer platanoides, &c. 

Generally speaking, the colour of flowers is too variable for specific 
distinctions; but nevertheless many species are named from their usual 
or constant colour, as Gentiana h’Uea, Lamium album and purpureiim, 
Bij/ilalis purpurea, &c. 

Station, i. e. kind of soil or place inhabited by a plant, is another source 
of namtis, as arveasis (common on ploughed land), agrestis, hortensis (on 
cultivated ground generally), pratensis (in meadows), si/ltoiris or sglva- 
tieus (in woods), paliistris (in swamps), aquaticus (in or about water), and 
safmts, a t<>nn commonly applied to kinds rtjgularly cultivated from seed. 
Most of these terras are applied vaguely, and a similar wiuit of accuracy 
in the implied idea affects many of the names founded on the planes 
whm’e plants have been first observed, such ns Sileiie galiiea, SUichgs ge,r- 
tmidea, Oenist-a nngliea, &c,, none of which ar(j pculior to the countries 
named, though they may, in the first instance, uavo been considered to 
be’so. 

Such names as odorata, snaveolem, fmtida, &c., expressing marked 
qualities, were formerly much used; and the adjective affleiaalis is found 
applied to a host of plants fonnerly valued by the herbalists for some sup¬ 
posed medicina. or economical pi-operty. 

Substantive names used adjeetively are mostly names of abolished 
genera, mtnlned in association with the new generic teiin, as Banunadus 
Flaimnttia, Bgrn^ Malus, Matricaria duiinomilla, Pnmus Cerastts, &c.,— 
these old generic terms being in a few cases double, as Adiantum 
“ CapUtus-Veneris,” LgcJmis “ Flos-cueuli,” &c. Or substantive proper 
names are used in the genitive case, as Limtiocharis HuniMdtii, Viola 
NuttulUi, Gtdium VniUantii. The dedication to distinguished persons may, 
however, be effected by adjectival terms, as SaUx Iloniatia, &c., the use 
of the genitive noun being more strictly approi>riate when it is the name 
of the discoverer or first deseriber of a species, the termination anus con¬ 
veying a mere compliment and not necessarily implying that the person 
to whose name it is affised, hud any thing to do witb the particular plant 
in question. 
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321. If the rules of scientific nomenclature were strictly enforced 
under the direction of a single authority, each plant would have but 
&ne name (composed of the generic and specific appellations), and 
this name would be iudissolubly and unequivocally connected wth 
the idea of the peculiar species. Hut it happens practically that 
such is not the fact, and this tor roasons necessarily aifecting various 
cases. Not unfrequcntly it happens that a plant posse.sses more than 
one $pmjic name, which may arise from an author naming it a 
second time, through entire ignorance of its having been previously 
observed, or fronu his erroneously supposing a particular form to be 
distinct from the already known and named sj)ecio8. Almost as 
frequently in the present day do we find a distinctly recognized 
species denorainatt'd by more than one f/rarr/c na' ie, while the specific 
appellation remains the same, this ambiguity a.'ising from difteronce 
of opinion as to the limits of genera, and eonsoquonlly as to the group 
to which particular species are to be r(^fcrrcd. 

To ensure accuracy, therefon), it becomes necessary, whenever 
the.name of a plant is mentioned in a scientific work, that the 
authority for the name (that is, the author who originated it, or 
whoso peculiar application of it we adopt) should be indicated. 
This is done by subjoining an abbreviation of his name. Thus, 
JieUu perennia, Liun., or L.; Inula r'onyrrt, BC.; Ptilicaria viiJyaris, 
Gaertn., sign^ that we mean the species which were defined under 
those names by Linnaeus, BeCandollc, and Gaertner, respectively. 
In Hke manner it is recpiisitc, in the majority of ciises, where the 
name of a genus is inciitioued, to indicate the authority, since many 
of the older genera of Linnaeus and others have lieen broken up into 
a number of groups, and the original name restiictod to one of these 
more limited assemblages. < 

322. Tlio suiierfluous or incorrect names which exist in many 
cases cannot be neglected where they have once acquired a certain 
currency, because a certain amount of existing knowledge is con¬ 
nected with those names in the works of the writers who have used 
them. Hence arises the necessity of enumerating the nynonyms of 
plants. The citation of synonyms is of course unnecessary in 
gciiend cases, where the names of plants are incidentally mentioned, 
so long as the authority for the name is given; but in Systematic 
works, such as Bescriptions of the plants of a country or province, 
or Monographs upon particular groups of plants, it is part of an 
author’s duty to ascertain and indicate all the names which have 
been applied to the particular forms, and the exact senses in which 
dWferent names have been employed. The sjTionyms subjoined to a 
specific name may indicate:—1, that the same species has received 
ditferont names from different authors; 2, that a selected specific 
name includes the several supposed or real species enumerated under 
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it; 3, that the species has been remoTcd from a genus to which it 
was fonncrly referred; 4, that a particular view is taken both of the 
generic and specific value of a plant concerning which opinions have 
varied in both particulars. 

The'following examjdcs may serve to illustrate this:— 

1. The name Oalium verum, L., has simple priority, and there¬ 
fore preference over G. luteum, Lamarck, indicating the s^me species, 
which was accidentally or erroneously named by the latter author 
after linmeus had given it an appellation. 

2. Agrostis alba, L., includes A. compressa, Willd., A. gigantea, 
Loth, A. stolmiifera, L. (in part), &c.; these latter have been mis¬ 
takenly separated from it or subsequently named without knowledge 
of the identity. I, 

3. Castanea vuUjapis, Lam., is now substituted for Fagtis Cas- 

ianea, L., as the genus Castanea is now rcgaidcd as distinct from 
Fagus. In many cases we find a distinct generic name given us a 
synonym where it is really more recent, but is rejected in favour of 
Iho older on the ground that the more recent generic 8cpariitK>n is 
not approved of; for instance, aviumnalis, Willd. {Oporinia 

autumnalis, Don). 

4. Catahrosa aquatica, Bcauv., is named in diverse works Aira 

aqmtieu, L., Mdlinia aqvMtka, W'ibel., Poa airoides, Kocl., Glyceria 
aqvMtiea, Presl, <ko. ^ 

The inulfitudinous synonyms which fall under the last category are 
attributable to the excessive tendency of modem writers to multiply genera 
on slight grounds. Such minor subdivisions are for betliir rtistricted to 
extensive systiunatic works, on the plan adopted in DeCand'ollc’s “ I’ro- 
dromus,” providing them with sectional names for the exclusive use 
of, systematists, and preserving the more general name fur common 
purposes. 

"323. The varieties of species are noticed in descriptive works 
when of frequent occurrence, and then are either simply indicated 
by the letters of the Greek alphabet, or have an additional adjective 
name like the siiecies, which plan is especially followed in lists of 
garden varieties. In sudi cases either ^e ortoarily occurring form 
is taken as tho type, and the scries of occasional varieties begun 
with /3, as^ 

Sambveus mgra, L. -, var. (}. leaflets laciniated (Hooker & 

Amott). 

or, Sambucus nigra, L. -j3. virescena (fruit green). - 

y. levcoearpa (fruit white). -S. laeiniatg (leaflets laci¬ 
niated). -- e. variegata (leaves with white streaks), Koqh. 

Or if the species is variable and no one form is considered typied, 
tho scries begins with a, thus:— 

Fedia dentata (Hooker & Amott). —— a ( VtderianeUa Mon- 
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sonii, DC.). - jS (Fedia mixta, Vahl). - y {Fe- 

dia erioearpa, lloam. & Sch.). 

llie nomenclature of cultivated plants is fruitful in examples ui named 
varieties in large numbers belonging to particular species, such as Clarkia 
pu/ehe/Ja oBta, C. pulcktUa naea, &c. &c.; but these names are often a^-pliud 
without scicu3iic exactitude. 

324. Hybrids axe named according to certain rules when they occur 
frequently wild or, if obtainetl artificially, when they are propgated 
by cuttings, bulbs, &c. The names of the two parent species arc com¬ 
bined, thus :— Verbaseumniyro-LycJmitis,ahyhnd between V. niyrum 
and V. Lyehnitis. With regard to artificially produced hybrids, it is 
possible to indicate the parentage with more accuracy, and the name 
of the seeding-plant stands before that which .yields the jallen, as 
Amaryllis vitUtto-regivee, the form produced when the ovules of 
A. vittata arc fertilized by the pollen of A. regina, and vice versd, 
"WTiere a plant is known to be of hybrid origin, it is a good plan to 
indicate the fact by prefixing x to the name. 

325. The nomenclature of the groups above genera is of less im¬ 
portance than that of genera and species, and is. dealt with more 
independently by individual writers. Artificial groups are generally 
named from the character on which they arc founded, as in the 
case of tile Linnean classes and orders, which will be explained in a 
subsequent section. Tlie same is the case with the artificial divisions 
which are used in most Natural Arrangements for conveniently sub¬ 
dividing large asscniblagos of Families or Orders, such as Thalami- 
florm &c. of De Candolle, Folypetala; &C. of Jussieu. But as the 
essence of the Natural Arrmigement of plants lies in the combination 
of forms according to the majority of points of hkcucss, or general 
character, wo are not necessarily restricted by any definite character 
in the selection of the name; and in regard to tho Natui-al UrdciE, 
groat diversity of principle has prevailed in tho application of the 
names, and oven considerable latitude in the form given to them. 
There exists, however, one rule applied in all Latin naming of what 
are termed Natural Orders: the wordplanUe is understood, and an 
adjective name agreeing with this represents the group. In existing 
aptims w'e find these adjective names founded sometimea on a pre¬ 
valent character in the family, as (plant®) Legumiflos®, Coniler®, 
Umbellifer®, <feo.; sometimes on the names of typical genera, as 
llosace®, Solanace®, Convolvulace®; sometimes on an existing 
general name derived from common language, os Graminace® and 
Palmace®. A difference of termination exists even in. regal'd to the 
same word in different authors: thus, one author writes Cistinc®, 
ano^er Cistajpe®, with tho same meaning; while others use the word 
Aroide® in preference to Arace®, or Fahn® iii preference to Palmace®. 

Attempts have been made to reduce all these names to a system, 

I 
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and to preserro tlie same form of termination for groups of the same 
value. Thus it is proposed to make the names of all Orders end in 
aum, like Kanunculuccse, Ericaceae, &c., the only objection to which 
is the necessity of discarding many familiar and well-established 
names, and replacing them by strange ones, as Apiacem for Umbclli- 
ferm, Fabacoa) for Leguminosa), &c, “ Classes ” or “Alliances ” again 
are made alike by using the terminal form -ales : as Glumales, instead 
of Glumaocffi or Glamifera;, for the group composed of the Orders with 
a glumaceous perianth, Ac. 

326. A fixed rule does exist among all modernVriters in the deno¬ 
mination of suborders or tribes into which Orders arc divided; for 
these are founded Qn tyiucal genera, the names of w'hich ore mode to 
furnish adjectives ny the substitution of em for the last vowel and 
whatever may foUow it: for example, in the Order of the llanuncu- 
laceo;, we have the tribes Ansmoneae from Artsnmie, Banumuleo’, from 
Hanuncultis, Hdlehorem from JlelUborus, &c.; and in botanical works 
these names of trilms ore commonly printed in italks like those of 
genera and sjpecics, while the names of families and all above ihem 
are printed in roman lettora. 

The names applied to the larger divisions of the Vegetable King¬ 
dom in Natural Arrangements arc generally made as characteristic as 
possible; but, as will be shown in the Section on Natural Arrange¬ 
ments, none of the single characters of such groups are absolute, 
and therefore no name founded on one character can be universally 
descriptive. Thus the name Monocotylcdoucs is applied to a most 
natural group, in which are, however, included one or more Orders, 
as the Onjhidacea), in which the embryo has no cotyledons. And it 
may be said that to an advanced student it is far more beneficial to 
regard all names as abstract signs, used rather to indicate certmn 
plants or groups of plants with which he is acquainted, than as 
expressive of the chafaCters of the plants to which they are applied. 

These observations on the nomenclature of the Orders and higher 
groups of plants are placed here lor the soke of connexion with the re¬ 
mainder of the sul^oct}_, but they will be better appreciated after acquaint¬ 
ance is made with the illustrationB of them in succeeding Sections. 

Sect 3. Besceipxiow of Plakts. 

327. It is the bu^ess of every botanist who distinguishes and 
names a new species of plant to famish an exact statement of the 
characters by which it may be recognised by othera. 

The most complete fuMment of this requisition is supplied in 
what is termed a <leseription of a plant, in which is given a detailed 
account of the external form, the arrangement, and relations of all its 
organs, according to a fixed plan, and in a fixed language, furnished 
by the terminology made use of in Morphology. 
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In order to impress n^n the mind of the student the principal points 
to be looked to in describing n plaut^ and thus to ensure completeness and 
accuracy of observation, we subjoin a list of the more salient characteristics 
which it is desirable to notice in writing a full description of a plant. 
Some of these are of much greater importance than others, masmuch as they 
afford the means of grouping plants into prenera, orders, &c., and' furnish 
w'>.i,t are called diaguottk characters, Ftom their great importance, much 
stress is deservedly laid on them; hcnccj after enumerating the princijml 
“ characters ” necessary to be ascertained in drawing up a full descriptiou, 
we shall insert illiistiatious of the “ schedules ” iutnkluced with so much 
success for teaching-purposes by the late Professor Ilenslow, in which at¬ 
tention is drawn solely to those points of special importance. 

It must also be lioine in mind that the terms used are. such as are in 
preneral use, and are to be token in their conventional sense, and not as 
necessarily expnsssing the cx)u;t truth: thus, as has already been explained 
under the head of Alorphology, when we say that one organ is mserted 
iiitii another, it would lie more correct to say that the one emerged from 
the other; in the same way many cases of so-called cohesion and adhmiim 
arc shown, by the study ot' tlie piegiessive development of the flower, to 
be |;uther coses of imperfect st’parntion than of union of originally distinct 
organs. 

In describing a plant fullj', a commencement is made with the root, 
from wliich we proceed to the stem, leaves, inflorescence, flowers, and, 
finally, the ripe fruit and seeds. 

In the case of the root the principal points to bo looked to are:—^first as 
to its tuUvre, whether true or adventitious; then, in succession, itsyorni, 
direction, size, degree and mode of rauiification, duration, consi^ence, sur¬ 
face, colour, &c. Similar remarks apply to the stem and its mollifications. 

Leu res r(>quire fiist to be noted as to then position, radical, cauline, &c.; 
insi'rtion, stalked or sessile; possession or deficiency of stipules; arrange¬ 
ment, alteinate, opposite, &c.; emnposition, simple or compound; direction, 
duration, texture, coUmr, and smface. The blade of the fco^must then he 
described os to its genertdfonn, tmtiine, base, apex, margins, mode of vaia- 
tiim, size (especially in relation to tlie stidk, if present). The subdivisioiis of 
a compound leaf must bo treated in the same manner as simple leaves. 
The jMiok or leaf-stalk has to he noted as to its fonn, surface, relative 
size, &c. Stimdes, as far as practicable, should be described in a similar 
manner to the leaves, as also should, midatia mutandis, the leaf-buds. 
In their case, as also in the case oiJUneer-huds, the mode of mWtion, or 
of (estivation, as the case may be, should he ascertained and recorded. As 
regards the it^reseenee, the principal things to he conm^ered are its 
jMsUion, direction, relative size as compared with the leaf, nature (definite 
or indeiiuite), ramification, form, number of flowers, durtddan. 

The^ormr-stofAwfoUowtne same rule as the leaf-stalks; Imt particular 
attention should be paid to the top of the flower-stalk (tire thalamus) 
to see whether it be flat, convex, or concave. The bracts are described in 
the same manner as the leaves. In the case of the calyx and corolla, 
a^ntion should he directed to their construction (cohesion), relative posi¬ 
tion (adhesion),/orm, direction, colour, venation, surface, size, absolute and 
relative, durhUon, odour, &c. 

Individual sepals as peUds should be described in the same way as the 
leaves. 

i2 
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Stamens should be described with reference to their (adhesion), 

colterion (free or united), niimt)er,position, arraitffemetit,size (with reference 
to ene another and to the other parts of tho flower). Filaments present 
similar characters to those oflerM by the leaf-stelks, and are described 
accordinprly. Antlters require attention as to their/or»n, mode ofattacli- 
imnt to thoJUatnent, shape and number of their lobes, their mode of dehis¬ 
cence, colour, surface, tho form and peculiarities of the comiectiee and of 
any appendages that may be present. 'The form, colour, and distinctness 
or cohesion of tho jiolten-grams should, if possible, be stated. Tliis is not 
always practicable unless recomise be had to the compound microscope, 
when oth(>r peculiarities, then visible, should bo noted,t8s will be further 
explainod in the section on Physiology. 

After the stamens, the characteristics of the disk, if present, should be 
noted, and then those of tlie pidil as follows:— number of the constituent 
carpels, their isolation or eohcsioit and arraugemeni, their adhesion and rela- 
tive position, form, cavities, jmrfitions, and mode of placentatiou. The styhsi 
require to be noted with reference to their position, number, size (relative 
imd absolute), fortn, surface, colour, &it. Similar remarks apply to the 
stigma. The ovules differ in their position, mode of attachment,, numlter, 
firm, &c. The fruit follows the same rules as the pistil; but, in addition, 
"the te-vture, mtuie of dehisesnee, and number of seeds must be noted. 

Seeds are described much in the same wav as ovules, taking ciu« jot 
to overlook any of the pecidiarities presented bv the coverings of the seed 
in tlic way of hail's, scales, arils, and the like: th(! interior of the seed also 
I'equii'OH special attention, to see whether or not it be albmninoiis or e.radm- 
mmous-, if the former, the naturt! and quantity of the albumen should be 
noted; and in any case, where possible, the fonn, position, direction, size of 
the embryo and "its parts, the nature and number of the cotyledons, &c. 
should be tu'cui'ately ascertained. 

In the above remarks we have had in view a complete or nearly com¬ 
plete description. The student is recommende.d to take anv plant he 
meets with, and endeavour to draw up a descrintion of it with refeimice 
to the foregouig sidieme. In this manner he will faniilitu-izc Idmself with 
the.main points of dilierence between one plant or organ and another, and 
will learn to apply the appropriate term to each inodiflcatiun. 

The subjoined description of the common white I)e4ul-Ncttle (Lamium 
albutn,) is given as an illustration of a tolerably complete dcs(?ription of 
the external peculiarities of a plant; it may serve as a model to the 
student in drawing up similar descriptions. It is, however, advisable that 
he do not attempt too much at once. A bad or careless description is 
almost worse tlian none at all; hencio tho beginner is recommended to 
make himself pretty thoroughly acquainted with the peculiarities of qjch 
organs ns are most easily studied before passing on to organs such as 
ovules &c.. which require some considerable practice before their structure 
and characteristic fcatm-es can be ascertained. 

lamium idbmn. — A. rather coarse hmury perennial, with a shortly creeping 
stock, from the joints of which, espednlly on the lower surface, proceed at 
intervals numerous slender, fibrous, brownish roots. Shorn 1-2 feet high, 
herbaceous, decumbent or ascending, fistular, four-sided. Leaves exsti- 
pulate, opposite, stalked, the upper ones nearly sossUe, membranous, 
hairy, ovate-acute or acumitmte, cordate, coarsely and irregularlvtoothed, 
unicostate, arch-veined, 2-.‘f inches long, 1-2 inches broful. tHiole less 
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than half the length of the blade, eh^elled on the upper surface, rounded 
btineath. F^mcers pure white, sessile, in axillary cymose whorls (verti- 
cillastors) of 0-10 or more. Calyx campouulate, of 0 sepals, united below 
into B tube traversed by 10 ribs; /»»h6 divided above into five nearly equal, 
spreading, linear, ciliated segments, of which the uppermost stands slightlv 
apart from the others. Corolla white, tubular, hilaoiate, twice the length 
of the calyx; tube (iurved, ventricose, as long as or longer than the calyx, 
scabrous imde, with a ring of haira near the base; upper lip erect, concave, 
notched, hairy on the outer surfiice; lower lip spreading, 3-lohcd, the 
middle lobe broad and i-lobod, the two lateral ones smaller and pointed. 
Stomem 4, didynawrous, epipet^ous; fikunents downy, springing trom the 
upper part of uie tube of the corolla, partially concealcil within the upper 
innate, 2-lobed; lobes superposed, oblong, bbickish, introrse, 
dehiscing longitudinally; eonneetive covered with white hairs. PoUeu 
yellowish white. Omry small, truncate, 4-lobed, 4-celled, encircled at 
the base by a pale green, cup-like disk. OvuleH solitary in each cell, ana- 
tropal. lAyle .single, basilar, thread-like, os long as the corolla, termi¬ 
nating'in a 2-lobed stigma; lobes of the stigma short, oblong, pointed. 
I'Vnit. of four, or fewer by abortion, 1-eelled, l-s*-eded, indebisceul^ blackish 
sbiuing lobes or achenes. Seede solitary, erect, inverted, exalbuminous. 
Embryo straight; rofyletloiu large, plano-convex; radicle short, inferior. 

828. Such destsriptions arc now usually given in a modem language 
when occurring in works descriptive of the plants of particular coun¬ 
tries &c. In genend systematic works, or in isolated notices, pub¬ 
lished in periodicals or Transactions, the Latin language is usually 
prefern'd. 

32fi. llctailcd descriptions arc commonly given only where new 
8ped(!s arc esfciblished, or when an uncertain nomenclature is to be 
made clear and definite, in a monographic or a general systematic work. 
The classification of plants into genera, families, &c., in the Natural 
System, renders the rcjietition of the jieculiar marks of these groups 
unnecessary in the characterization of the subordinate groups or forms. 
For this reason, characters and diagnoses commonly rcplatte the com- 
jdete descriptions of species in ordiniU’y desertptivo botanical works, 
since, as the charaefisr of the genus includes tliose pcculiaritieB of the 
fioral organs which are common to all ite species, and which con¬ 
stitute the bases of the genus, it is only retjuisito to connect with 
each species the character by which the species are distinguished from 
cacj; other. 

The following condensed description of the white Dead-Nettle, from 
Btmtham’s ‘ Handbook of the British Flora,’ will show how, when the cha¬ 
racters of the order and g(>nus are known, a faithful portrait of the species, 
and one comprising the most conspicuous features only, may be drawn- up. 
“A rather coarse hairj' perennial, with a shortly creeping stock, and decum¬ 
bent or ascending branching stems, seldom above a foot high. I<eaves 
stalked, coarsely crenate. Ilowers pure white, in close axUlap? whorls of 
li-10 or more. Calyx-teeth fine, long, and spreading. Tube of the corolla 
curved upwards, and longer than the calyx, with an oblique contraction 
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near the base, corresponding with a ring of hairs inside; the upper lip 
long and arched; the latcrd lobes of tlie lower one slightly prominent, 
with a long fine tooth.” Then follows an account of this xtation in which 
the plant is found, and of its geographical distribution throughout this 
country and the continent. 

330. Having gained a general idea of what points are to be loolcod to in 
drawing up n description of a plant, and having ocquirtsd a familiarity with 
the meaning and application of terns, it is particularly desirable that the 
student should be able to form an estimate oi the rdatire value and impoi-t- 
mice of characters for practical purposes; for instance, those characters 
which serve to identify and distinguish large groups o&plants are of more 
conserpience than such peculiarities as pertain merely to small groups, or 
to individual plants. With a view to tix the attention on the more im¬ 
portant or cardinal characters, those which ai'o of most use in drawing up 
a diagnom of ajilant or of a group ofplants, a form of schiHlule is driven ; and 
the pupil is recommended to make similar ones for himself, and by their aid 
to draw up an account of the more important characters of any flowers he 
meets with, checking them and comparing them with the descriptions 
given in books, or with the instructions of his tutor. These schedidessbould 
M kept for comparison with others relating to other plants; and by,this 
method a practical insight into jilant-coustruction. and the relationships 
of one phmt to another, may be moi-e speedily and thoroughly obt^ed 
than by any other means, liie schedules here inserted by way of illus¬ 
tration are tilled up from a Comnioii Buttercup (liatmncidtut), and 
from a Dead-Nettle {Lamiutn). The eharacters therein given are sufli- 
cient to enable the student to determine the orders to which the plants 
belong, which is the first and most important consideration, hut they are 
not suflicieiit to indicate the genm, stiU less the paiticnlar species." To 
discriminate these minor groups, recourse must he had to tlie other pecu¬ 
liarities presented by the plants in question, os before detailed. 
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331. The generic character is perhaps tne most important element 
in Systematic Botany. It should contain a short description of the 
peciBiaritics of the group, so as at once to characterize this as it 
exists in itself, and to ftimish the means by which it may bo distin¬ 
guished from all other gfinera belonging to the same division of tho 
Vcgotahlo Kingdom. That is to say, for a genus of Flowering Plants, 
the character should contain aU that is noeessar}’^ to distinguish a 
given genus from all other genera of Dicotyledons, or of Monocoty¬ 
ledons, as the case may be. Tho following example of the character 
of the genus Campanida, Linn., as given in Endlichcr’s ‘ Genera 
Flantarum,’ will illustrate this:— 

“ Campamda, Linn. Calyx with an ovoid or subspherical tube adherent 
to the ovary, the limb superior, five-toothed; the teeth either flat at their 
margins or deeurrent into lobes overlying the sinuses. CoroBa inserted 
at the summit of the tube of tho calyx, more or less camponulate, five- 
lobed or five-toothed at the apex. Slamme five, inserted with the corolla; 
filaments broadly membranaceous at the base, and, with the anthers, free. 
Ovary inferior, three- or five-celled; cells opposite the lobes of the calyx. 
Ovules numerous, on placentas projecting from the central angles of*the 
cell, anatropoiis. Siyle covered with quickly deciduous hfurs; stigmas 
fS-6, filiform. Capsule ovate or turbinate, .‘{-^-ciiUcd; cells bursting near 
the top or bottom by a parietal valve tm-ning upward. Seeds numerous, 
mostly ovato, flattened, more rarely ovoid and very smalL Etnbryn 
ortbotropous, in the axis of fleshy albumen; eotyhdmts very short; radicle 
next the hilum, centripetal. 

“ Perennial or annual herbs, sometimes low and tufted, sometimes erect, 
tall, many-flowered, diffused through all tho temperate and cool regions 
of the northern hemisphere, forming a great ornament to meadows and 
groves j radical leaves very often larger and more obtuse, with lougtir 
^Iks; stem-leaves altcmato, varying; flowers mostly stalked, racemose, 
rarely spiked or in clusters, very often rather large, blue, or sometimes 
whito in the same species.” 

332. Tho first paragraph here contains tho essential character of the 
genus; the second paragraph is a description of the general characters 
of tho spedes belonging to it, which is usually appended to such 
complete generic characters. 

_ It will be observed that this generic character not only enables us to 
distinp^uish plants belonging to this group, but describes the genus so fully 
that we become 'acquaints with all its important peculiarities, while, 
being drawn up irrespectively of any Order, alliance, or class, it is equally 
Bvauable as material for any Natural or Artificial classification of Flower¬ 
ing plants founded on the floral organs, since it containB the information 
requisite for’ascertaining its relations. 

333. The diagnosis of a genus is more limited in its nature 
and pnrpose. It is used, when genera ore described under fixed 
systematic heads, simply for distinctive purposes; and it is there¬ 
fore confined to denoting what is absolutely necessary for this pur- 
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pose. Thus, in Babington’s ‘ !M|tmual of British Botany,’ the genus 
CampanHla occurs under the head of the Order Cumx>atiulace!c, the 
character of whudi includes much of what is given in the generic 
character of CampamHn, above cited; so that it suffices for the 
distinction of Campanula from its allied genera to give the following 
brief abstract, or diagnosis :— 

“ Campanula. Calg.v ^-parted. Cor. mostly bell-shaped, rrith 6 broad 
and shallow segments. Aufiters fi-ee; laments dilated at the base. 
IS'tif/mn .‘i-.'3-tid. •Ca/mule not elongated, Jl-o-celled, opening by lateral 
pores outside the segments of the calyx.” 

It is seen at once that this diagnosis fails to famish the 
couipletc notion of the genus which is obtained from the character, 
Jind thiit it do(‘.s not suffice to indicate the position of the genus, either 
in a Naturiil or Artifieial classitlcatiou. On the other hand, for its 
own cspeciiil jjurpose, that is, of indiwiting the distinctions between 
allied genera, it may be even still more i-educed, as is often done in 
works deserihing the plants of a limited district, where only a few 
genera occur in the \atnral Order; for example, we might give 
diagno.ses of the British genera of Campanuhieeaj in this way— 

A. Corolla rotate, segments linear; anthers eohering at the base. 

1. Jasione. 

Corolla rotate, with linear segments; anthers free. 2. 1'ht/teama. 

B. Corolla mostlj’ bell-shaped, with broad and shallow segments; an¬ 

thers free. 

Capsule not elongated, opening by lateral pores outside the seg- 
nicnts of the calyx ..T. Catnpamda. 

Capsule linear-oblong, prismatic, opening by lati<rul pores be- 
tweim the si'gmcnts of the calvx . 4. f^culariai 

Cap.sule half-superior, opening by 3-6 valves within the seg¬ 
ments of tho calyx.6. WahlmAergia. 

335. Tho specific character of a plant should contain aU the con¬ 
stant distinctive pc-’nliaritics of a siweies. On the one hand, it will 
exclude the generic charaefrrs which ally it to other species of the 
same genus; on tho other, it should exclude the inconstant cha¬ 
racters which distinguish its own varieties. But the character of its 
ordinary varieties, if such exist, may be given in u supplementary 
paragraph, like that appended to tiie full generic character. The 
distinctive characters of s 2 K>cic 8 aro usually found in tho organs of 
vegetation, as the root, stem, leaves, bracts, tmd inflorescence, or in 
the habit or duration of the plant. Tho floral organs mostly only 
give specific characters in their less important peculiarities—as in the 
shape and relative magnitude of the petals, tho external characters 
of tho fruits and seeds, &c.,—the more remarkable peculiarities being 
of generic value. The supplementary notfeos appended to tho strict 
character of the species generally relate to tho ordinary dimensions of 

I 5 
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the plant, the eolonr, taste, smell, &c. of its organs; these ore the 
mar^ by which the varieties are usually characterized, as will he 
seen by referring to any catalogue of varieties of the ordinary culti¬ 
vated vegetables, 

336. Linnaeus Laid down a nile, that every specific character should 
be confined to twelve words; but, from the increased number of 
species discovered since ho lived, it is no longer possible to follow 
this rule in all cases. In recent systematic works the characters of 
species have often been given at inorflinate length,»aiid in a manner 
greaily transgressing the other more important rule, that they should 
contain no character that is not to be found in all perfect specimens 
of the plant. The syieeific character will necessarily vary in length 
according to the richness of a genus in species, some containing 
many hundreds, while others comprise but a single one. Wlien the 
genus contains but a single sjrceies, as the Hop (Jfmmilus Lapultai), 
the generic character alone suffices for distinguishing it; but a sjateifie 
character is even then given with advantage, indicating points which 
are not included in the strict generic character, '^^ero a large 
number of species exist, the genus is generally broken uji into artificial 
sections, characterized by some mark occurring regularly in a certain 
number, which are thiB placed under one head: this saves the 
neccssit}' of repeating that character for each species. Tt is also 
common in modern works to combine a diagnosis with the specific 
character, by marking in italics the especial distinctive marks of each 
species occurring in a particular group. 

The following examples will make this more clear:— 

Pffi>/W/i(/o,L.,onlysix .species aredcscribcd in l)c Candolle’s ‘I’rodromus,’ 
being all that were know'll in 1844. The specific character of the common 
I.ilac, Syrutga viityaris, could thus he given in a few words:— 

“S, vidi/aris, h. Leaves cordate or ovato-cordate, q^uitc smooth and of 
even colour; limb of the corolla suhconcave.” 

Four varieties ore characterized, chiefly distinguished by the colours of 
the blossoms. 

Turning to the genua Campanula in the same work, wo find no less 
than 182 species. Being, a very natural genus, the species are kept toge¬ 
ther under one generic name, but, for convenience, they arc arranged in 
sections and subjections. Thus fifty-eight of them are characterized by 
the presence of appendages on the sinuses of the calyx, such as we find in 
the garden Canterburv Bell (Campamda Medium), while the remainder 
ore without these. The second section, of 124 speries (among which are 
included all our native kinds), is further divide into subsections, cha¬ 
racterized principally by Oio peculiarities of tlie capsule, and these, again, 
into groups according to the kind of inflorescence &c.; so that when we 
come to the specific character itself none of these points have to be re¬ 
peated, and the definitions,are restricted within very narrow Unfits, as for 
instance:— 

“ C. r(dtmdifolia, L. Badical leaves stalked, cordate, rounded, crenato- 
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dentate; stem-leaves linear or lanceolate; teeth of the calyx awl-shaped, 
erect, one-third the length of.the btsU-shaped corolla.” 

In a work devoted to a limited ilora, as that of Britain, where there exist 
only ei^ht species of Cmnpmmia, we may adopt the sectional divisions, 
and limit the spiiciiic character as above, or give a longer character, in- 
cludinff the marks of the sections ; the latter plan is the better, where 
space 18 not an objert, since it malces the character itself more instructive. 
Thus, in tlie ‘ British Flora,’ we find— 

“ C. rotuttdifoUa, L. Glabrous; root-leaves snbrolundo-cordate, crenate 
(very soon withering), lower cau^e ones lanecohito, upper linear entire; 
fiowers solitary or racemose, drooping; calyx-segments subulate; capsule 
drooping, with the clefts at the base?’ 

In Babington’s ‘Manual,’ on the contrary^ where the subsections 
founded on the capsule an: adopted, tills mark is omitted in the essential 
character:— 

‘‘ C. rotundi/oUa, L. Madical leaves cordate or remform, shorter than 
their stalks; stem-leaves linear, the lower ones lanceolate ; Jlowers one or 
more, racemose; corolla turbinate-cainnamdate.—Stem 6-12 inches high. 
Radical leaves soon vanishing; corolla blue; cttlyx-scgmeiits linear- 
subulate.” 

This example further illustrates the method of giving a diagnosis at the 
same time, by iialmzing the characters by which the species is distin¬ 
guished from its nearest allies; it also shows the manner in which expla- 
natoiy or descriptive notices are added in a supplementary paragraph to 
the essential specific character, 

31)7. Lastly, if wo have to deal with a limited number of species, 
such as the British BcU-flowera, to which wo have just referred, we 
may, for simple purposes of distinction, construct a diagnostic table, 
like that above given for tlie genera of Campanulaccae. 


Flowers sessile, in terminal or axillaiy clusters ; cap- . 

sule sessile, erect, with the pores at the base . . C. ghmerata. 
Flowers in racemes or panicles; capsule stalked. 

Cwsule nodding, witli the pores at the base. 

' Mowers in a unilateral raceme, segments of 

calyx ultimately reflexed. C. raptmculoides. 

Flowers racemose, segments of calyx always 
erect 

Peduncles l-flowered. C. latifolia. 

Peduncles 2-3-flowored._ C. Traehelium. 

Flowers on long slender stalks, solitary, or in " 

a lax few-flowered corymbose raceme . . C. rotundi/ulia. 
Capsule erect, with the pores just below the 
segments of the calyx. 

Segments of the calyx entire. 

Segments of the calyx lanceolate, raceme 
few-flowered, or flower solitaiy . , . C. persicifolia. 
Segments of the calyx awl-shaped,flowers 
m an erect racemose panicle , C. Jlapmculus. 

Segments of the calyx toothed at the base; 
flowers ponicled, erect, on long stalks . C. patuda. 
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338. A few of the general rules observed in writing descriptions 
of plants may be mentioned here, as explanatory of certain tcchni- 
oalitics which will be met with in systematic works. 

339. The generic name is alwa 3 rs commenced with a capital letter, 
while that of the specif) is usntdly written small; but wc find in 
most books a capital letter to the specific name, 1, where this name 
is the appellation of another existing or suppressed genus used adjec- 
tively, as Ayrirmnia Evpatonimi, Mentha Pujteyium, &c.; 2, where 
the specific name is formed from a proper name, cither as the genitive 
case of a substantive or in the adjective form, as in Seirpm SavH and 
Carex Davalliana. Specific names derived from countries are now 
usually written small, as Silme anylica. 

340. When a generic character is written in Latin, the organa arc 
all put in the nominative case ; in a sjKicific character they are put 
in the ablative. 

J141. When describiug a species, it is usual to subjoin its habita¬ 
tion (Habitat) —that is, the nature of the places in which it is usually 
found, such as “Woods,” “Dry hilly places,” “ llivers,” &c. In 
general systematic works the native country or province is stilted; 
in works relating to limited districts, specM localities are given for 
rare plants. 

342. The following marks and abbreviations arc commonly in use 
to indicate certain other point*:— 


^ or A =an annual plant. 
' g ) or B =a bienniaL 
% orP SB perennial. 
Sh=a shrub. 

T =atroe. 


cf, a male flower. 

5 , a female flower. 

^, an hermaphrodite flower, 
(f 5, a monoecious plant. 
tJ - S, a dioecious plant. 


The time of flowering is indicated by numbers, referring to the 
months, as 6-8 or vi-vm=Junc to August, &c. 

Many other signs are met with in Systematic works, but they are very 
often ^ed In diflerent senses by difieient authors, so that no general ex¬ 
planation of thetd can be given; moreover the sense in which they are used 
u generally explained by the author. 
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CHAPTER II. 

SYSTEMS OF CLASSIFICATION, 

Sect. 1. Artificial Classification of Plants, 

343. An .orranfiomcnt of all known species of plants in a series of 
classes constituted upon certain fixed principles, forms wliat is termed 
a System of Vegetables. 

It belongs to the history of Botany to describe the numerous Systems 
which ha\ IS been brought forward, at various p(!riods, for the double pur¬ 
pose of generalizing acquired facts, and of facilitating the diflusion of 
botanical Imowledge by nsndering it possible to rt'cognize plants which 
have already ls>en described. In this work it is necessary to confine our¬ 
selves to a brief ri'fereucc to some of the most important of the Systems 
which have attained general currency. 

.344. The classification of plants by generalization, the Synthetic 
or Natunil Method, is adopted in aU cases in forming the groups of 
the lowest rank, namely Gemera. These are established by the com¬ 
bination of a number of allied species under one name, on account 
of their affinities; and, as we have already mentioned (§ 33:i), tlie 
same genera are used in all Classifications. 

From this point Systems diverge. The Natural Mvthod is pursued 
further on the same principles of generalization, where the object 
is to systematize acciuircd knowledge, and mark tho agreements 
among plants. Where, on the other hand, it is chiefly desircsl to 
mark out the diflbrcnces of plants, in order simply to their easy 
recognition, Artijkial Methods are resorted to, which are carried nut 
by a principle of anah/sis, whcrc‘by the w'holo mass of known forms 
aro taken and gradually parcelled out into Classes, Orders, &c., accord¬ 
ing to their agroomont or diffenmeo in certain fixed characters. 

Most of the older systems were more or less Artificial, tho earliest 
commencing with the division of plants into Trees, Shrubs and Herbs, 
Tiand-plants and Water-plants, and the like. As advances were 
made, organs of more and more importance were ehosen to furnish 
characters; and wo flaid plants subsequently classed by their corollas, 
by their/nnfe, &c.; hut in none of the systems proposed before the 
time of Ijinnsens do wc find ono given principle carried out through 
the whole. 

34.5. ^en Linmeus entered upon his wonderful labours,-there lay 
before him a mass of information in a very crude and unm.anageable 
rondition. reforming genius introduced order, in tho fii-st instance, 
by the substitution of short fixed names for species, on tho binomial 
plan, by the definition and secure establishment of imporfectly cha- 
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ractcrizod genera and species, and then advanced to the necessary 
task of arranging the genera so as to render them recognizable. The 
artificial methods founded on the floral envelopes &c. had proved 
inefficient; and therefore ho turned to the mmtial onjans of flowers, 
the physiological importance of which he himself contributed greatly 
to establish. The selection of these organs resulte-d in the formation 
of an Artificial System in which a fixed principle is regularly carried 
out, and which, from the physiological importance of the characters 
employed, approaches in certain of its coordinations to a natural 
arrangement. 

Until the establishment of a time principle for natural Classification, the 
materials for which accumulated rapidly under the influence of the Lin- 
mean System, the latter received almost universal acceptance; and it is 
still retained by botanists as a valuable key to the reco^ition of genera, 
especially by beginners in the science. On accoimt of its own import¬ 
ance, therefore, and ns the best example of the Artificial Method, a brief 
explanation of it must be given in this work. 

346. SpeHes and Genera (§§■ 308-31.3) form the foundation of all 
Systems, The object of the Linnman System was to arrange genera 
in groups characterized by simple striking marks, so that the exist¬ 
ing description of a given plant might bo readily found, or the de¬ 
scription of a new plant might be placed where it would be easily 
referred to. Such marks Linn«us obtained in the e-Hsential or sexual 
organs of plants (in flowers, the stamens and pistik), whence his 
System is sometimes called the Sexual System. The highest or most 
general groups, which he called Classes, are founded on the con¬ 
ations of the stamens. These Classes are subdivided into Orders, 
founded cither on the conditions of the pistils or upon secondary cha¬ 
racters of the stamens. The Orders include the Genera (in large 
Orders grouped into sections according to various artificial cha¬ 
racters). 

The Linnman Classes are twenty-four in number, of which tho 
first twenty-throe include all Flowering Plants: the twenty-fourth, 
Cryptogamia, including all Flowerless Plants, was a Aaos when first 
established, and its subdirisions wore not then definable by single 
characters. 

The following Tables exhibit the main features of the Limuean 
Classification. Tho technical meaning of the names applied to the 
Glasses has been explained already in the First Book, in the sections 
on the Morpholo^ of tho essential organs. The few technical names 
of Orders requiring special explanation are noticed below. 
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Those Syn^nesions plants which hare solitary flowers, such as LMut, 
Viola, &o., are placed in the Order to which the number of stamens refers 
them (here Pentandria); so that the Class 19 corresponds exactly to the 
Natural Family of Corapositic. 


Tnn LINN.NAN Oiujebs. 


Classes I, to XllT. ! 

The Orders formed 
according to the 
number: — 1, of 
pistils when these 
are distinct; or, 2, 
of styles of com¬ 
pound pistils; or, 

3, of the stipmias 
when no style 
exist. 


1 pistil 

2 pistils 

3 „ 

4 „ 
r> 

G 

7 

8 
9 

10 

11-12 
More than 


12 


.* 1. Monoprynia. 

. 2. Dipryniiu 

. 3. Trijrvnia. 

. 4. Tetrtifrynia. 

. 5. Pentapynia. 

. G. Hexapfynia. 

. 7. Ilepla^rynia. 

. 8. Octopryuio. 

. 0. Enneagynia. 

. 10.1)ecag:}h]i8. 

. 11. Dodecagvnia. 
. 12. Polygynfa. 


The termination -t/i/ma is here used to express pistils &c., as -mdria is 
to express stamens in the Ohtsses. The Orders above jjiven do not exist in 
all the Classes, mostly only the first two, tofrether with one or other of the 
rest, in which case the ordinal number is modified; for instance, if no Tri- 
prjmia or Teti-apfvnia e.xist, and Pontagynia does, this will follow Digynia, 
and become the 3rd Order. 


Classes XrV. & XV. 
The Orders funned 
from the condi¬ 
tion of the fruits. 


I Pidyni 


lamia. 




' Tetrad V- 


Naked-soeded.. 1. Gymnospermia. 
Covered-seexled. 2. Angiospermia. 
With silicules.. 3. Silh-ulosm. 
With siliques .. 4. tiiliquosce. 


The term Gjonnospennia, used in the 14th Class, was founded on an 
erroneous idea of the fruit of Lalnato!, Borai/itutceai, and other families, 
which consists of a carcendun (§ 270) of four hard achmnia, regarded by 
Linnieus ns naked seeds; while the Angiospermia included the plants 
with a capsular fruit. The terms SUiatda and SUiqm ore explmned in the 
desciiptiond of fruits (§§ 274, 276). 


Cla8sesXVI.,XVn. 

& xvm. 

The Orders founded 
on the number 
and position of 
the stamens, like 
Classes I. to XIll. 


f 6 free stamens. 

? ” . 

J 

10 „ . 

12-19 „ . 

20 or more stamens on the 
<Hilyx. 

20 or more stamens on the re- 
L ceptacle. 


1. Pentandria. 

2. Hexandriiu 

3. Ileptandria. 

4. Octandria. 

6. Decandrin. 

6. Dodecandtio. 

7. Icosandria. 

8. Polyandria. 
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Class XIX. 

Crtlera fonnfld ac¬ 
cordin'; to (lie S(!X 
of the florets con- 
taiiu^d iu the same 
capitulmn. 


All the florets perfect and of 
the same shape. 

Capitules radiate; disk-florets 
perfect, ray-florets pistillate, 
all forming; seed. 

Like the last, except that the 
ray-flimits er»! bwen. 

Jlay-florets fertile, disk-florets 
barren. 

Ray-florets perfect, each floret 
with an additional “ calyx” 
or involucel. 


1. Polygaroia 

sequalis. 

2. Poly^mia 
• sujierflua. 

3. Polygamia 

frustrauea. 

4. Polygamia 

necessaiia. 
6. Polygamia 
' segregato. 


Classes XX., XXI., 
XXn. & XXI JI. 


C The Orders formed according Names of the Orders 
to the number and position the same as those 
of the stamens, like the of the Olassi's 
Classes I.-XIII., or accord- they imitate, 

ing to their cohesion, like 
i the Classes XVI.-XIX. 


The number of actually existing Orders is limited here to for less than 
all the posgible cases. 


r 1. Filices. 

pioM vv / divided according to Natural J 2. Musci. 

1. relationships into.I 3. Algm. 

[ 4. Fungi. 


347. The completeness of this Artificial System is such, that 
almost every form of plant can be readily referred to a place in it. 
Unfortunately, however, this is done in eertain eases at the expense 
of natural uflinitics so close as those between the species of the same 
genus; while in some instances it divides the individual examples of 
tile same species. As it is contrary to the object of the Systcm.to 
intr-rfero with generic groups, far less with the definitions of species, a 
choice has to be made in such cases as to where the forms in question 
sliall stand—the character of the majority of the species deci^g the 
place of a genus, and the character of tho majority of examples that of 
a species, iforeover some of the Classes are so natural as regards the 
affinities of the constituent genera, that where, as sometimes happens, 
exce]itionul genera exhibit a deviation from the artificial tvpe, a kind 
of compromise is made and the genus described with its^truc allies, 
a reference being made to it under tho artificial Class to whieffi it 
strictiy belongs. 

_ A few examples will illustrate these points, which render tho use of the 
Linmean Svatem more difficult to beginners than is generally admitted. 

The garden Hue (Mtda grtiveolem) has sometimes quaternary flowers 
with _ 8 stamens, sometimoe quinary flowers with 10 stamens. It is 
described by Linnfcus in the Class Decandria; but it is necessary to 
indude it in the table of genera of Octandria qlso, with a reference to the 
place where the description is given. 
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In the fifenas FeiAuea, the species are usually triandrom ; but F. tmi- 
gltimia and others have hut one stamen: consequently while the (i^nns 
stands under Triandria in the System, a reference must he mode to it 
under Monondiia. Feptdtum and Cardmrdne are genera of Tetradjniamia, 
a Class of such closely associated genera that it corresponds to the Oni- 
cifersB of Nahiral Systems; but L, ruderede is only known in a diandrotts 
state, and specimens of O. htruuia are not unfrequently found tetrandrous, 
which cases demand similar cross-references in the tables of genera. 

The Classes founded on the dieUmm conditions of plants ore the least 
satisfactory of all. It is exceedingly common to find species with perfect 
flowers and other species with monoeeume or rfiVrciW flowers, in the 
same genus, as Lychnis dioica (in the 10th Class), Valeriana dioica (in the 
.3rd Class), Kibes alpiimm (in the 5th Class), &c., in genera where the 
species mostly possess perfect flowers. Ithammis cathaHiea, dioseious and 
tdrandroas, and It. Frangula, perfect and irentandrons, represent that 
genus in the British Flora; while Utiira dioica and U. urens furnish 
examples of congeneric species respectively dioedom and imnaxious. All 
such cases require the same kind of cross-reference as above indicated. 

The characters of the 23rd Class, Polygamia, are subject to the great 
inconvenience that they frequently require the examination of a largo 
number of specimens in order to make them out clearly. On this account 
many authors have discarded this Class, and distributed its genera among 
the others. 

The arrangement of the genera in Orders is accompanied by similar 
difficulties, which are met by the same rules, that the place shall be 
decided by the greatest frequency of occurrence of a character in a 
species or genus, and that a cross-reference shall be made. 

348. In almost all modern dcscriptivo works, the species are de¬ 
scribed under a Natural Arrangement; and the Linnsean System is 
seldom had recourse to, except as a means of furnishing an Art^cial 
Key to the genera of a limited region. It has certain advantages 
for this purpose, arising from the difficulty of subdividing the Natural 
Families into sections which are not too few or too numerous, in 
making the first step of the analysis. By the linnsean plan, the 
Flowering plants of Britain, for instance, comprised in about 500 
genera, are at the outset distributed into 22 well-marked Classes, 
each of which is again divisible into from 2 to 7 Orders, after which 
the detection of the genus is generally very easy. 

Sect 3 . NAitTBAi. CuAssmcATiosr of Flaitcs. 

349. We have pointed out, in a former section, that the genera of 
plants are truly natural groups; and, if their essential characteristics 
are dearly understood, there will be no difficulty in comprehending 
the scope and purpose of the Natural System of Plants. In this 
method of classifying we pursue the same path by which we arrived 
at the genera, and proceed to combine these into higher and more 
general groups/mot according to arbitrarily chosen or isolated cha- 
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racters, but according to their natural affinities—^that is, the agree¬ 
ment in their total organization. Genera arc thus gathered together 
into Families or Orders, these into Glasses of h^hcr generality, and 
finally the entire Vegeteblo Kingdom becomes marshalled into a few 
Provinces or Svbldngdoms. 

It la evident from this, that a Natural System founded on a perfect 
knowledge of all existing plants would present to us a' kind 'of abstract 
picture of the Vegetable Kingdom, in which bD its essential chaiacters 
would be represented in their real proportions, places, and connexion. 
Not only, however, are we far from being acquainted with aU exist¬ 
ing plante (not to mention the numerous mnds now extinct), but the 
essential peculiarities of a vast number of the known plants have been 
as yet hut imperfectly studied. ,llence we have at present various forms 
or plans for the Nfjtural Arrangement of plants, presimting peculiarities 
dependisut upon the amount of knowledge, or the peculiar views, of their 
respective authors; which plans or Systems must be regarded os so many 
rough draughts or sketches, to serve as material for the elaboration of the 
true and complete Natural Sysk-m. As the principles of classification are 
fully ^recognized, and os the amount of plants thoroughly known is already 
very large, there is a close agre-ement in the genenu features of the dif¬ 
ferent “ Natural Systems,” and especially in the manner in which the 
fhrders of plants are defined. The chief mversities of opinion arise out of 
the difierent estimations of affinities and differences of the families, which 
express themselves in a marked mannmr in the mode in which the Classes 
or Alliances ore formed. This will be evident in the |xamplc8 we shall 
presently give of those “Systems” which have received the widest ac¬ 
ceptance. 

350. Wo have said above, that plants are combined according to 
the agreement in their total organization. But, to characteruse the 
Natural Method more distinctly, it must bo added that especial 
attention is paid to the estimation of the relative value of the dif¬ 
ferent characters presented by each plant, a determinate scale being 
formed, in which the organs are ranked according to their physio¬ 
logical importance, the morphological complexity of their construc¬ 
tion, and &eir comparative invariabiliiy. 

Thus, while species of the same genus, distinguished generally by 
the external characters of their vegetative organs, are combined by 
likeness in their flowers, genera (in whidi difference ofi the floral 
envelopes, or of the external character of the fruit, or some such 
character exists) are combined into an Order on account of the agree¬ 
ment in the stmeturo of the ovary and its relations to the floral 
envelopes. The characters of seeds, and more particularly of the 
embryos, give a still higher divisional character. These characters 
of successively higher groups are marked in organs of progressively 
higher physiological and morphological importance, affinities between 
such organs being proportionately more valuable. But they possess 
this value not merely on their own account; for M that wore the 
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case, the method would bo still to a great extent artilicial: they 
indicate the coexistence of proportionate agreement in the total 
oiganization, which renders them exponents not merely of the affini¬ 
ties of the plants in respect to the particular structure to which they 
belong, but of aU their affinities, and of the rank which a given plant 
holds in the Vegetable Kingdom. As a general rule, it is found 
that the agreement of the total organization of plants is generally 
proportionate to the physiological value of any given organs in which 
they agree; or. in other words, agreement in the structure of any 
given organ indicates general agreement in all 'the organs of less 
importance than itself. The agreement here referred to is of course 
a general structural agreement, a relation to a common typo—not a 
resemblance excluding the multifold diinor diversities which present 
themselves within the limits of almost every type. 

351. Practically, moreover, we have another principle to keep in 
view, which indo^, while it affords as it were the verification of the 
inductions of the above principle, is our sole guide in dealing wth 
the subdivisions of the more comprehensive types. This is the rule 
that the clasest affinities are marked by the agreement in the majo¬ 
rity of characters of equal importance; or if the characters, as is 
more commonly the case, are of unequal importance, the principle of 
decision by the majority is carried out by ascertaining the propor¬ 
tionate values qf the organs in which agreements and differences 
exist, and striking a balance ns with equal factors. 

Many of the older hotniiLsts had attempted to construct a Natural Sys¬ 
tem; and lannaMis left n sketch or fragment of one, in the form of a list 
of names of families without definitions, regarding its realization as the 
ultimate aim of Botany. Many of the families in these older Systems are 
grounded almost exclusively on “ habit,” or general external character. 
p.e two Jussieus, Bernard and Autoine-Laureut, have the merit of the 
discovery of the only principles upon which a really Natural Svstem can 
be founded. And so accurately did A.-L. de Jussieu carry out these prin¬ 
ciples in his arrangement of the then existing genera, mat the families 
which he established are still almost all received into our present Systems, 
where some of them are indeed broken up into smaller groups, but where 
the greatest increase in the number of families arises from subsequent 
discoverieq. 

352. The families of Jussieu consisted of groups of genera combined 
together upon the principles above enunciated. He established 100 
of them, defining them with exactness, and assigning to their cha¬ 
racters relative values, primaiy, secondary, tertiary, &c., and in this 
way he laid the foundation of the classifications now in. general use. 

The characters of the natural Families established in this way will be 
found to be fiir less exact and definite than those of the Linneean classes andi 
orders, and by no means sn rigid even as those of natural genera. .The cha¬ 
racter of a family is founded on the totalUy of its essential characters, and 
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includes the essential characters of a^emont of all its genera. The genera 
contained in most of the families exhibit a considerable range of diiferences; 
allowance must bo made for these ; and this gives a laxity to the family 
character which is puzzling to the beginner. For example, the tauiily 
llanunculacese is very natural; but we mid in its character a cei-toin >auge 
of diflerence allowed for in the sepals, petals, pistils, and fruit; the insertion 
of ali these, however, and that of the stamen^ is fixed, and so is the cha¬ 
racter of thu sticd. Similar conditions occur in most other families. The 
decision as to what frmily a genus is to be referred to is made aceordiug 
to the principle of majorities: whichever it agrees with in mod of its eha- 
incters (say, even thseu out of fi ve), to that family it belongs. Great diffi¬ 
culty, however, exists in certaiu cases from a vast series of genera running 
into ou(! another by almost impereeplibb* gradations, and Ibis in diflenmt 
directions. A considerable number of these agreeing closely 01*0 associated 
into a family; another similar group form another lamily, and so on; and 
then, in the course of time, sundry intermediate genera present themselves, 
wbieb connect the establmod families, and which it is difficult to place by 
liie usual choice iu cither one or the other, the characters being balanced. 
Thus the Natural family Loganiaceo! is connected by “aberrant” genera 
wth itubiaceiie, Geutiauacem, Scrophulariaceo!, and other fiuiiilies which 
are triilv natural, but which in this way come to be separated by somewhat 
indefinite houndaiy-lines. 

The fact is, that the Vegetable Kingdom is a whole, the families and 
classes having seldom a distinct isolated existence, except in the minds of 
botanists; and we must regard them as analogous to countries on tlie globe, 
which ore parcelled out under distiudi names, hut mustsoften adjoin and 
run into one another, being only separated by an oi-hitrary boundary-line 
or frontier. Some, indeed, lie oil from the rest, like islands; hut these me 
the exceptions. 

Such exceptions are found among the iamilies which wore perceived 
and established by the older botanists, in which the essential agreements 
ai-e aei-oiiipaniod by a striking choracU'r of external habit, as in the (Jrasse^ 
the llmbellifevte, the Composilas, the Tjegnininosie, the Couileraj, the 
Palms, &c. Such remarkable peculim'ities as these families possess, mostly 
prevent them being broken up into smaller groups, os has occurred to 
uiM.y of the earlier orders of large extent; and most botanisks prefer to 
distribute these genera into suborders rather than discard the charac¬ 
teristic general name. Examples of tlieso are found especially in die 
J.ieguminus{e, liosacem, and Compositm. 

353. The Families or Orders are for the most part the same, in all 
cs-scntial respects, in all existing “ Natural Systems.” A considerable 
diversity presents itself in the inodes in which different authors have 
grouped these into Classes or Alliances, as wDl ho seen even by com¬ 
parison of the Tables of Endlioher and Lindloy, given below. Those, 
however, arc still Natural groups, as arc also those of still higher 
generality indicated in the chapter on General Morphology (§ 17). 

S it all writers on Systematic llotany have tbund it requisite to grouj) 
e Orders or CLasscs of Flowering Plants into sections of somewhat 
less generality than Dicotyledons and Monocotyledons, as these re- 
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spcctivoly incindc scries of families so extensive as to be inconvenient 
m practice if loft undivided. The members of these series, however, 
are so intimately connected together by their natural affinities, 
that it has been found indispensable to have recourse to certain arbi¬ 
trary or artificial characters for the foundation of the sections—cha- 
racteiB derived chiefly from the conditions of the petals and stamens. 
The nature of those Sections will be best understood from the 
oxamidcs which follow, 

354. Jussieu established Ids primary divisions of the Vegetable 
Kingdom on characters which, although not altogether unexception¬ 
able, define really natural groups, which are found under different 
titles in all Natural Systems. The eharacters were tlie absence or 
presence of the rudimentary plant or embryo, and its structure when 
present, in the seed. On these characters stood the three divisions 
Acoti/Mons (plants without an embryo), Momcoiijledons, and Dicoty¬ 
ledons. The first of those names is bad, as founded upon a neyative 
character; but the plants which it included were imperfeci ly under¬ 
stood in the time of j ussicu; the Acotylodons correspond to the Oryp- 
tognniia of Linnaeus, w'hich are now by more complete analysis dis¬ 
tributed into two sections, divided by even more important eharacters 
than the Monocotyledons and Dicotyhidons. The other two divisions 
are stiU retained, with very slight modification, in all Systems, but are 
Buboi-diuated under divisions founded on more important characters. 

The following Table exhibits Jussieu’s arrangement:— 


THE JUSSIEUAN SYSTEM. 


Acotylodons .. 
Monocotj’ledons 


Apetalous 


Dicotyledons 


r Stamens hypogynons 
•' „ plirigynous 

I >7 epigynous 

rStamens cpi^i^ous 
„ pengynous 

„ iiirpogynous 

Corolla hypogynous 
„ pengynous.. 

j Anthers 

■ 1 coherent 

„ epigynous^ 

L distinct 

rStamens epigynous , 
Polypetalous •< „ hypogynous, 

Ihclmons, irregular . 


Monopetalous- 


pengynous 


Class I. 
II. 
HI. 
IV. 
V. 
M. 
VII. 
VIII. 
IX, 


XI. 

XII. 

XIII. 

XIV. 
XV. 


The three primary divisions here are natural; the Classes must be re¬ 
garded as artificial; the Families, however, into which the latter a# 
divided, are natural groups, imd to a great extent are retained in more 
modem systems. The Fanulies of Jussieu were more carefully defined, 
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corroctcdi and extended by liobert Brown, whose researches contributed 
most essentially to the establishment of the Natural System ; but he did 
not attempt to establish any general plan lor their coormnation in Classes. 

355. Aug. Pyrame Be Candolle endeavoured to classify tlie Vege¬ 
table Kingdom on principles more in harmony with the increased 
kno' iledgo of the structure of plants which had been accumulated 
since the promulgation of Jussieu’s System. Be Cfindolle’s System has 
become very generally used, on account of its having been adopted 
in the great Bescrijitivo work which ho commenced, and which is 
still in progress untlcr the supeiintendcncc of his son, the ‘ Prodromus 
Systematis Naturalls Itegni Vegetabilis,’ a description of all known 
species of plants. His primary divisions rested upon the constitution 
of the elementary tis8u<», plants being divided into Cellular and 
Vascular. The former were subdivided into Leafy and Leajless ; the 
latter were subdivided into Exogens and Erulogem. This classifica¬ 
tion is open to very great objections. In the first place, the Leafless 
Cellular plattis stand at a greater distance from the Leafy Cellulares 
than* the latter do from the lower Vaseulures; and the character is in 
itself an inconvenient one. In the next place, while the terms 
Exogens and Endogens were founded on a mistaken idea of the 
structure of the stems of tlie higher plants, and were at the same 
time viseless, as sj-uonjunous with Dicotyledons and Monocotyledons, 
the latter class was made to contain the higher Cryjrtogamia, the 
Perns and their allies, to which an embryo was mistakenly attributed, 
and which are essentially related to the plants called by Be Candolle 
Leafy Celiulares. 'Diese primary divisions of Bo Candolle are there¬ 
fore now discarded. 

His subdivisions of the Exogens (or more properly Bicotylcdoup) 
are retained in many works. They are artificial, like the “ Classes” 
of Jussieu, but are, like them, convenient for the distribution of 
the families into groujis of manageable dimensions. They ai-o four 
in number, and founded on charack-i-s of the floral envelopes, viz.:— 
1. ThalamiJlor(g, in which the iKitals are distinct and (like the sta¬ 
mens) inserted on the receptacle (hyjwgynous); 2. CalgciJlorie,-mth 
the ][x!tals distinct or coherent and (with the stamens) inserted on 
the calyx (perigynous); 3. Carolliflorer, with the petals’coherent, 
and inserted on the receptacle (the stamens being inserted on the 
corolla); and, 4. Monochlamydew, or plants with a perianth, or a 
single circle of envelopes. 

In Be Candolle’s enumeration of the families, which had greatly 
increased in number from Jussieu’s list, the reverse order of seijuence 
is followed, the higher plants standing firet. As regards this point, 
however, it is a misconception to place the ThalamiflorcB firet among 
Ihe Bicotyledons, since they arc manifestly inferior to the Calgcifiorce, 
and even to the CoroUiflorae. 
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DE CANDOLLE’S SYSTEM. 

A. PlantsB Vascnlares seu Colyledones. 

Class I. ExOGHNIL® sou DlCOTriEDOWEiK. 

Suhdass 1. Thalamiflorse. 

„ 2. Calydflorae. 

„ 3. CoroUifloHB. 

„ 4. Mouochlaniydeae. 

Class II. EnDOOENH.® SCU MoNOCOTrLEDONE.E. 

Subclass 1. PhanerogamiB. " 

„ 2. Cryptogam®. 

£. PlautsB Cellnlares scu Acolyledones. 

Subclass 1. Eoliaac®. 

„ 2. Aphyll®. 

The orders were arranged in groups or cohorts, and to a large extent 
are retained at present. 

35<>. During the last twenty years a great many attempts have 
been made to distribute the Orders more satisfactorily into Classes 
and primary Divisions. Endlichcr, Battling, Mcisner, Brongniort, 
Lindley, and many other authors have published Systems of their 
own. That of Endlichcr has been extensively used, and, moreover, 
is the basis of arrangement in his great ‘ Genera Blantarum,’ so that 
it wiB be useful to give the imncipal divisions here for comparison 
with others. lindley’s views of cliissifieution have been modified in 
successive works; but as his ‘ I^getablo Xingdom ’ is the most im¬ 
portant general systematic work wc have in the language, it is 
desirable to give the classification adopted in that volume. In both 
these Systems the primary divisions are founded on characters of the 
Vegetative organs; and il both an attempt is mode to group the 
Orders into small natural assembhiges, called Classes by Endlichcr, 
and Alliances by Lindley. A comparison of these will indicate some 
of tlie diversities of opinion which exist among botanists os to the 
afiinitios of the natural Orders. 

ENDLICHEK’S SYSTEM. 

llcgion 1. Thallophyta. 

Sect. I. Pkotophtta. 

„ n. HvsxEBornrrA. 

BegionB. Cormophyta. 

Sect. III. Acrobbta. 

Cohort 1. Acrobrya anophyta. 

„ .2. Acrobrya protophyta. 

„ 3. Acrobrya hystero^yta. 
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Soot. IV. Amphibbya. 

„ Y. Aceampbibbya. 

Cohort 1. Gymnospennaj. 

„ 2. Apetalce. 

„ 3, Gamopetalte. 

„ 4. Dialypetato. 

The cohorts ore suhdirided into classes, and these again into orders. 


’ LINDLEY’S SYSTEM. 

Class I. Thallogens. 

„ IT. Acrogens. 

„ III. EhizogenB. 

„ lY. Endogens. 

„ Y. Dictyogens. 

„ YT. Gynmogeiui. 

„ YIl. Exogens. 

Subclass 1. J^icmrous. 

„ 2. Hypooynotis. 

„ 3. Pebigymotts. 

,, 4. Epigynotjs. 

A striking pcculioritj of both these systems, Endlicher’s and Lindley’s, 
is the separation of the root-parasites, the Orders llalanophorem, Cytiueso, 
and Ikafllesiacem, from the oidiunry llowcTing plants, to constitute a distiuct 
class, named Uhizanths. We ugmso with the views of E. Urown, GriMih, 
and I looker, who regard such separation as unnatural, and the combina¬ 
tion of these families under one head, on accodbt of similarity of hahU, as 
strongly opposed to their more essential characters. Uictyugens form a 
group intermediate between exogens and endogens; but by most botanists 
It is considered that they pertain to the latter. In Lindley’s system the 
subclasses arei,divided into dlianwa, comprising each a number of order», 
for the limitation of which, ns well as for a general histoiy of the various 
fu'stoms of classification that have been proposed, wo refer the reader to 
uie ‘ Vegetable Kingdom,’ an admirable encyclopedia on all points relating 
to systimiatic botany and the uses of plants. Bince the pubheation of that 
work, a very important work on sysieiiiatic botany has been commenced 
by Mr. lienthom and Er. Hooker, entitled ‘Genera Plantanim.’ This 
work, so far as at present published, comprises a description, in Latin, of 
all the genera of I’olypetalous e.vogeni^ together wifli analytical tables 
.admitting of the ready determination of any particular genus. The plan 
followed up to this time is a slight modification of the Jussieuan arrange¬ 
ment, as follows:— 


x : 
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BENTHAM AND HOOKEE’8 SYSTEM. 

Class 1. Dicotyledones. 

Subclass I. ANQIOSVBRHKiE. 

Group i. Polypeiahr. 

Series 1. Thalamiflorsc. 

„ 2. Discibune. 

„ 3. CalyciflorsD. 

Group ii. M»nopetal^. 

Series 1. Ovary inlbrior. 

„ 2. Ovary snjjcrior. 

Group iii. Monoehlamydece. 

Group iv. Achlamydeve. 

Subclass II. GrMJfosPBEsiEiE. 

Class 2. Monocolyledoiies. 

Group i. Petoloi<le(r. 

Series 1. Ovary inferior. 

„ 2. Ovary superior. 

Group ii. Ulmiaeece. 

Class 3. Acotyledones. 

Subclass I. Acuoogns. 

Subclass II. TuAu.oaKjis. 

Subordinate to the series are eolmrts, or groups of orders, of equal value 
though with dilfei'ent limitations, with the alliaiu'es of Taudley. The 
only^oint which requires explanation here is as to the, scries Dueijltwtr, 
which indudes those hypogyiious poJypetuluiis exogens in which there is 
a conspicuous disk gr series of hvpn(wnous glands, into, within, or upon 
which the stamens ore inserted.' The following amiugemcnt is that 
itdopted by Professor llenfrey in the first edition of this work, with a 
few slight modilications inserted with a view to bring it into harmony 
with otlicr systems, and to enhance the convenience of the student:— 


SYSTEM ADOTTED IN THIS WOKE;. 

YBaKTABLK KiarODOM. 

SubkingJom I. Fhanerogamia or Spermocarpia (Flowering Planu). 


Div. I. Auoiobptsemia. 
Class 1. Dieotyledones.' 

Series 1. Polypetals. 
Subclass 1. Thalamiflorac. 
„ 2. Calyciftonn. 

Series 2. Gamopetals. 
Subclass 3. CorolliHorm. 


Scries 3. Apetala. 

Subclass 4. IncomplotiC. 
Class 2. JlJonocoti/ledones. 
Subclass 1, Spadiciflorffi. 

„ 2. Putaloidom. 

„ 3. Glumiferse. 

Div. II. GvMirosPEEiiiA. 
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SubUnp'doin II. Sporocaipia or Cryptogamia {Flowerless Plants). 
Div. 1. Anchospoe.®. I)iv. 11. Gymnospob*. 


Class 1. Sporogamia. 
„ 2. Thallogamia. 
„ ‘5. Axogamia. 


Class 1. Hydrophyta. 

„ 2. Aurop%ta. 

„ 3. Hystcrophyta. 


In the following systematic description of the Natural Orders, the 
characters of the most important are jpven at length, with llie necessary 
particular resperiting their affinities, geographlciu distiibution, and the 
qualities of thi; mott; important plants tiiey contain. To most is prefixed 
a short diagnosis; and a similar diagnosis, or a few explanatory remarks, 
printed in smaller type, ivre accorded t«> those Orders which either are not 
marked by very decided characters, or which do not demand so much 
attention from the beginner. In most cases tlie vh.’ws of other botanists 
as to the position and limitation of the groups are briefly mentioned. 
I’ndt'r each Order ans placed the names of one or more genera which 
fiimish good illustrations and are generally accessible for practical exami¬ 
nation. Comparatively few figunss arcs given in this part of the work, 
sinccdit must In! strongly impressed upon the student that actual exami¬ 
nation of plants is a&olntelr nece.ssary for the acquisition of av^ablo 
knowledge of characters; and t he substitution of drawings for dn^riptions 
in elementary works ttmds to oncourage a superficial manner of examining 
plants, and to render the ideas connected with the individual Orders too 
abstract and too much limiUid to particular forms. 

An aidilicial Key to the principal Natural Orders will be foimd at the 
end of the descriptions of the Orders. 


CHAPTER III. 

SiSTEMATlO DESOKIFIION OF THE NATURAL ORDERS. 

THE VEGETABLE KINGDOM. 

SiTBKDmoou I. FHANEROGAHIA, or FLOWERING PLANTS. 

Plants producing stamens and pistils, and seeds containing an 
embryo. 

Division I. Angiospermia. 

Flowering plants, with tho ovules formed in closed ovaries. 

CiAss I. DICOTYLEDONES. 

Angiospermous Flowering Plants, with stems having pith and hark 
separated hy a compact laj’cr of wood, which, in perennial plants, 
receives annual additions on the outside, hencath the hark; loaves 
with the rihs mostly distributed in a .netted pattern and generally 
diminishing in size as they branch; parts of tho floral circles mostly 

X 2 
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5 or 4, or some nraltiplo of those numbers, rarely 3 ; embryo with a 
Fig. m Pig. 330. 



O' 


FiB.‘S28. Ntttfeil-vWned l«af of a Dico^ledoii. 
Kig. 329. Quitiair plan of the flower. 

Figs. 330 & 331. 




Subclasses of l>ieotyledi>ns. 

, Thalamiflonc (JRavnuntiv*). Fig. ;{34. Calyeifloiw (Fcpn^ufum), 

Fig. ^3. CaiycifloiTO (Primt^r ). Fig. 3.H.5. ^roUiflorsi 

Fig. 336. Incompletio (Monochlamyd^J (f/Zmits). 
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pair of cotyledons,tod a radicle which is developcd4nto a tap-root 
in germination. 

Series 1. Pol^talSB. 

Petals distinct, rarely absent or united. 

Suncuss 1. THALAMIFlDEiE. 

357. Dicotylcilons hfmng mostly both calyx and corolla; calyx 
free (not adheri'ut to the ovurj'); corolla composed of distinct petals, 
which, with the stamens, spring from the receptacle (hj-pogynous). 


Ordisr I. RANUNCULACEili:. The Croweoot Order. 


Clang. Polycorpica), EtuU. AH. Eanales, Limit. Cohort. Banales, 
EeiUh. et Hook. 


353 . Diaynosis.- 


•Jinihiiiiy ahTW 


^ with 




lowere regular or 
with the ealjTt 

pctaloid; the sepals, petals, numerous stamens, all distinct and 
; carjiels, many or few (rarely solitary), all distinct; 
seed idbuminouB; embrj-o small. 


Fig. .m 



Hg. m 



Kg. W. Aeliene of SaminaiUu, ent vcrtiailly to «how the eecd, with im embryo at the Imee 
ofidbuTacn. . . , , , 

Fig. 838. Plowep of Aconifct*, mdt' rkw, Bbowing the irregulap ijetaloid calyx. 

Fig. 339. Thu aamo, wiUi tlio remoTiti, eboffing the deformed petals and WM 
hypogynons etameoH. 


tlie muneroiis 


UHaracter. 

TiMlamm convex or flat, often elonf^tcd, v^ry rarel, 

CalviB trreen or netaloidf rcKular or irr^ular (fig. 338); sepals o-6f 
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hypogynou# deciduous, oeeasionally persistonl^usually imbricated 
in aestivatio» t aom e t w iW ’ wiiu M to ' OT 'iflduplicato. 

Corollaj7Stah 3-15f distineif hypogynou# in one or more row^ 
sometim es deform ed (fig. 339) or wanting. 

Stamens indSBWfSTbr very rarely definitely hypogynous; anthers ad- 
natof bursting longitudinally. 

OvartcaanseoiL or feu# simple, 1-celled, distinct, or very rarely 
coherent below to form a compound many-cellcd ovary; styles 
simp l eor many-seeded; jjlacentus at the ventral sutures; 
ovules anatropous. 

Fruit: a collection of dry aehenes, a 1 - or few-sceded berry, or a 
circle of folUelcs more or less coherent below, bursting at the 
ventral suture; seeds solitary, erect or pendulous, or rarelj' hori¬ 
zontal in two rows; emhmjo straight, minute, in the base or within 
the apex of homy 

Il.T-TTSTTlATm! (xUNRnA.- 


elifnbtnff plants with ^ 

Calyx valoate or inmpBicate; fruit 
of aehenes, usuaOy sunnmnted by the 
persistnd and plumose style. 

Clematis, L. 

Triht! 2. ANEMONRiE. Caly.v usu¬ 
ally coloured, imbricated; aehenes 
sometimes tailed; sexd mcerted. 

Thalictmm, Tmimef. 

Anemone, JIaller. 

' Adonis, DC. 

■ Tribe 3. Kanunctjus.*. Calyx 
imbricated; aehenes not tailed; seed 
erect. 

llanunculuB, L. 

AffinitieB.—^The characters wliich ore almost universally found through¬ 
out the genera of Ranunculaccie are the fiee sepals and petals, the inde¬ 
finite staipens, the inverted ovules, and the presence of albumen. None 
of these, taken separately, are absolutely characteristic of the order, 
though collectively thev are of the greatest importance. The other cha¬ 
racters are all more or less inconstant or variable throughout the order, 
some of the genera possessing them, others not. The conditions of tlie 
Cfdyx and corolla, and also of the ripe fruit, are not only normally very 
varied in the different genera, but are readily affected and alte^ by 


fruit of many-seeaea fniiieies, more 
or less coherent, rarely baccate. 
Calthu, L. 
llellcbqrus, Adams. 

Nigella, Toumef. 

Amulegio, Tmmitf. 
Duphiuiuni, Tournef. 
Aconitum, Tmmief. 

Actmn, Z. 

Tribe 1). PaJONiKA?. Cahfx im¬ 
bricated; jsefalsflat ornone; carjsels 
forntiny dehiscent pods, surrounded at 
the base by a disk, « 
l‘a!onia, Tournef. 


however, have distn 
nd both differ in habit. Home 
Fig. lucompieta (HonooiiiiuriiiBfAiiB, from whidi} however, 


wra> (JVuniA). 
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they differ in the indaSnite stamens and in the sutural (notjralTular) dehis¬ 
cence of the anthers. From they 

ji'senihlo in certain rcspects^n^TSrmsa^ujIfie^^TheiT distinct 
(MtnHjls, and in the case or the Poppies by their watery (not milky) juice. 
Relations exist also with some Calycifloiw, as with from which 

the present Order is knowil by its hypogynous stl^M^no abundant 
albumen of the seeds, and the general properties. Sheathing bases of the 
leaves, resembling odnate stipules, occur hereoand in and 

tiiey somewhat resemble the stipules of lima. A kind o^re^renmtion 
of this Order occurs among the Monocotyledons, in where 

the tree carjtels aiid,t]ie habit give a resemblance to tnos^HInuncnlaee® 
which have a ternary calyx. The Paumies approach the Nymphmace® 
in the disk, which is remarkably developjd in P. Moutan, almost entirely 
inclosing the carpels; tlie stamens of Pioonies also are, owing to a slight 
excavation of the receptacle, perigynous rather than strictly l^ogynous. 

Xomber and Distribution. —This Order contains from .10 to 40 genera and 



and more or less narcotic-ticiid properties, some being virulent poisons. 
The misonous property resides in the watery jniee, and is in mort eases 
volatile, and capable of dmpationby heat, or even simple dry^, and by 
InfifHdti in water. Tt appears to be heightened in power by acids, spirits, 
sugar, &c. The species of lianuneidiiH (Crowfoots or Buttercups) are acrid 
when fresh, especially JB. seeleratus and It. Fhmnwla. Similar properties 
prevail in the tiibcs (Jkmatulece and Anemomm. The HelMiorete ore the 
most active of the liammculacu®, the species of Aconituni (Monkshood) 
being among the most dangerous of poisonous plants, and containing on ex¬ 
tremely powerful alkaloid, aromtiim. The species of this genus appear to 
differ in the quality of their juices when giwn under varied conditions, 
somewhat like the Hemp plant, tinec the roots of the most poisonous of 
tlieni arc said to be eaten with iropmiity in the higher parts of the Hima- 
laya.s. The species of Aconite have t»een much coiuused by botanical 
writers: A. Napellm and A. Qtmmarum (jpatdadatum) are well-known 
poisonous European Monkshoods; and, according to Dr. Hooker, the cele- 
tirated “Bikh "poison of India is obtained indiscriminately from A. Nor 
pellui, luridim, and palnuitum, as well as from A.ferox, L., which was 
supposed to ho the solo source. The yellow A. Lycoetomm of Central 
Europe is far less active. The seeds of DrJpImium SUiphttat/ria (Staves- 
acre) are drastic purgatives and emetics; the Hellebores, nii/er, 
ortaUaUx, and faivla especially, are likewise violent evacuants> nnd the 
Pmonies fall into the same categoiy. The lienies of the Actae are poi¬ 
sonous. Some of the milder plants are used as tonics, on account of the 
powerful hitter they contain, ns the YeHow-root {Hydrantix canademid) 
and the Gold-thread ( trifidMa), both North-American plants. 'Iho 
pungent seeds of NigfMa mtioa were formerly used as pepper. 

Many of the Ronunculace® are favourite garden plants: for example 
the s i^ M g ef Q3(iuter Aconite), 

I Nigdia, AquUegia ^Columbines), Dd/Muitini (^kspurs), 
Aconilum (Monkshoods), and Faonia. Many of theuijcek4%..t)M&We 
double under cultivation. 
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■ ■■■nnjiiJtJftUMBtf 4CE,^. 

Class. Polycarpcee, Endl. AU. Hanales, Laull. Coh. Hanolns, 
BenOi. et Book. 

359. Diagnosis .—Trees or shrubs with mostly alternate and 
stipules; an imbricated S-merous calyx 
and corolla (the former persistent); numerous hyiwgjiioiis stamens; 
2-5 disMMHHRoly coherent carpels (sometimes 1); seeds several, 
2, or 1 by abortion, arillato; albumen fleshy. ' 

IlXUSTKATn'E GeNEBA. 

Dillenia, L. Candollea, LMH. 

ICbbertia, Andr. Homistenima, Commers. 

JRy.—llUUlUjUiyU WlUl lUUlimUUliUiljPibT monv important points 
of* iB iriii BB f mi i if luy Hiiuim'uui 

habit, the persistence of the calyx and the stamens, and the ariUate seed; 
they are even nearer to the Hlagnoliacea), bat have no stipules, and the 
plan of the flower is here 5-meroas; they are also related to the Auo- 
naceic, which, however, have a valvate calyx and ruminated albumen. 
Some of the genera {Hcnduitxtiima, Tkftrandni) have all the stamens on 
one side of the flower; others have them united into separate bimdles. A 
relationship between this Order and the Temstrcemiaccm is established 
by the genus Sauraja. 

Htimber and Distribution. —A small group, the species of which are 
natives chiefly of India, South America, and Australia; a few also «i 
Africa, between the trojucs. 

QnalltieB and Uses. —The general character of this Order is aatringenev, 
which renders some of them valuable in Ifrazil. Some of the JHUemae 
are valued in India fur their acid juices. 

Most of the species of Ddlenia are very handsome, both ns to foliage and 
blossom; and some of the huger kinds yield liaid, durable timber : several 
spwies are cultivated in large collections of stove or greenhouse plants in 
this country, where they are evergreen shrubs; Delima and Tetracera are 
stove climbers. 


Okdeb III. MAGNOLlACEiE. 

Class. PolycarpicsB, Endl. AU. Ranales, Lmdl. Coh. Eanales, 
Benth. et Book. 

360. Diagnosis .—Trees or shrubs, with the leaf-buds mostly 
sheathed by membranous stipules; leaves alternate, simple; flowers 
regular, polypotalous, hj-pogynous, polyandrous, polygynous; the 
calyx and corolla coloured alike, in three or more 3-mcrous circles, 
imbricated in the bud; fejiit of numerous dry or succulent, dehiscent 
or indehisoent carpels; the seeds often with a fleshy testa like an 
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aril, and suspended by a long funiculus; albumen fleshy, homo¬ 
geneous. 

lT,T,rsTiiATrvT! Genkba. 

'rribo 1. Magnoltej®, Cnrpeh Tribe 2. Wwmsi®A!. Cu.peh in 
ammi/ed in a eotu‘; letircfi scarciily a circle; Icavce with iranaparnit dote; 
dotted. etipulee oftcti wanting. 

Magnolia, L. Jmmys, R. Br. * 

lyiriodendron, L. Ulieiuin, L. 

Afilnltlos.—Olosriy related to DilleniacesB, this Order is distinguished 
by the .S-nierons flomw, and in many cases Irv its stipules; from the 
Anonacem it is sepamti'd by its imbricated corolla and Us homogeneous 
albumen.' The cou-volntc stnmlos enclosing the loaf-buds of Magnolia, 
remind us of the stipules of Item and other Urticaeese. The character of 
the flowers inilicntes a relationship witli Schizandraceoe, which, indeed, 
are combined witli them by lleutham and Hooker. 

Number and Distribation. —A small group, the greater number of Mhlch 
belong to the Southern States of North America; some occur also in the 
Wegt-India Islands,in .lapan, China, and India. IMmyeonA Taemamiia 
belong to the o.\.tromo south of South America, to Australia, and New 
Zealand. 

QnoUtlcs and Uses.— Bitter tonic properties in the bark and excessively 
fragi'ant blossoms arc the most striking qualith’s of the plants of this 
Older, which are chiefly handsome troes or shrubs, with broad shining 
foliage and often very largi* flowers. The barks oi Magnolia glattea,graHdt- 
Jlnra, Fraatri, &c. are used extensively in the United States as aromatic 
tonii's; Michdia mo7ifaiia,Araniodcmlron elegttne,«aALiriotletidro» tidipifern 
have similar properties. 'I'he odour of Magnolia grandijlora, commonly 
cultivated in this country, and of M. glanca and Af. frijwfala, is so powerful 
a.s to liecome veiy oppressive in close pltu’cs; the lost two often induce 
headache, and,it is said, sicliiiess, and even fever. The spcciesof Illicium 
an' aromatic: Ulieimn rt/owrfiwi,Star-Anise, is so called from the flavour 
of aniseed in the whole plant, especially the fruit, which yields an aro¬ 
matic oil. J. Jloridanmn has similar propi'rties; and the seeds of I. reli- 
yimum are burnt in their temples by the Cliinesc for iucenso. The bark 
called Winter’s bark is that of Briinye Winleri] and other species of 
lirimys and Taemamiia have similar aromatic and tonic properties. Some 
of the larger species of Magnolia, Michcliu, and other genera are valued ns 
timber trees in India. Mirny plants of this Order are culth'ated in this 
country on account of their beauty or fragiuuce; some are hardy, as various 
Magnolias and the Tnlip-treo ( Lirioifenaron) from North Ameidca. Some 
of the Chinese and Ilinialavan Magnolias have deciduous foliage and 
magnifleent flowers, such as Jl^. CamphcM and 3/, Ttdan ; others are green¬ 
house or stove shrubs, such os the species of lUictum and the more tender 
Magnolias. 


K 0 
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Ord£h TV. ANO^ACE^, Thr Custaeb-Apple Orbeb. 

Clots, PolycarpicsB, BnM. ATI. Ranales, LiuM. Coh, Handles, 
Benth. et nook. 

361. JHagnorit. —Trees or shnibs with naked buds and no stipules; 
thalamus usually convex; calyx of three sepals; corolla of six petals 
in two circles, usually valvute in the bud, hypogynous, sometimes 
coherent; stamens with an enlarged connective, mostly indefinite, 
on a lai^'c torus; caipcls usually numerous, separate or cohering; 
seed with ruminated albumen. 

Ili.ustkative Geneba. 

Boengea, 8t.-IIU. Dngiietia, St.-lKl. 

Xylopia, L. Anona, L, 

Uvana, L. Monodora, Hun. 

Afflnltiea.—This Order is separated from the Magnolineem in general by 
the absence of stipules, tho valvate aestivation of the corolla, and the fonii 
of the anthers; but stipules are not universal in the jUagnoliaceo!, nor is 
the corolla idways valvate here. The most ebauiCtSEstic featurpg in. the 
'j Aiionaeese are the trimerous flowers, the double corolla, the form of tho 
I anthers and carpels, and the ruminated albumen, which latter indicates a 
I relationship to the MjTisticaceffi, an apitalous Older. Several remarkable 
deviations from the general character of the Order exist, such ns the cohe¬ 
rent condition of the hom-like petals in Jiollmio, the definite number of 
stamens and carpels in Boeagea (which is related to the Hcrlieridiiceas and 
the Menispennacete), and the concave thalamus, the sepals and petals com¬ 
bined to form a bood, and the perigynous stameus of litgiomatm hurina, 
Mimodora has a single carpel. 

Number and Distribution.—A not very numerous family, the species 
are natives of the tropical regions of Asia, Africa, and America. 

QnnUtieB and TTses.—The Anonaceie are allied to the Magnoliaccoe by 
their general aromatic and fragrant properties. The dry fruits are mostly 
aromatic and pungent, while the succiuent kinds are sweet and agreeable 
esculent fruits. The Custard-appics, Sweet-sops, and Sour-sops of the 
West Indies, and the Peruvian riicrimoyas are the fiiiits of species of 
Anona. Thefraitsof Xyh/na armnnitm nro used aspepper l»y the .MHean 
negroes (Piper athiofn'eum). Motmlora Myridiea, the Calabash Nutmeg, 
has qualities resembling tho true Nutmeg. Lance-wood, used for making 
shafts, hows, &c., is said by Schomhurgk to he the wood of Ihu/uiitta gut- 
tarensit. Some of the species of Anona, Uvaria, Xyhpia, &c. are some¬ 
times cultivated in stoves in this country, forming eveigreen shrubs. 

(The MosriMTACEiE are aromatic trees or slimbs with opposite leaves 
without stipules; flowers axillary, diclinous; perianth in 1 or 2 circles, 
tubular below; stamens numerous, in the tube; ovaries several, free, and 
distinct, enclo^ in the tube of the periantli, 1-celled, 1-seeded; seeds 
pendulous; embryo minute, on the outade of abundant fleshy albumen. 
This is a sioall Order of plants belonging chiefly to South America, but 
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ocourring also in Madagascar, Java, Australia, &c.; sometimes coml>ined 
with the next family, and usually referred to the neighbourhood of 
Lauracete, from which they arc distinguished by Iheir apocarpous ovaries, 
but, like the Atherospermaceffi, stanmng properly in tlie vicinity of the 
Anonaceee, along with Mvristicaceas j for some ^nera are dichlamyd'' 0 U 8 . 
They aro also related to flalycanths and Koses,1but they differ from these 
Ordem in their opposite cxstipulate leaves and albuminous seeds. Eentham 
and Hooker place them uearMagnoliacea', to which their aromatic proper¬ 
ties allv them. They am not of iinportwce economically; the fruit of 

IS eaten in Chili. Genera: iUtmtiniM, Thouars; OSmsma, It. &P.; 

Juss.; Wight.) - 

if, ■ : 'V'. 

OasGK V. MeNISPERMACE.®. The Moon-seed Obdeb. 

C/ttsu. Polycarpicm, All. Menispermales, Zimll. Coh. Jtaimles, 

Benth. et Booh. 

362. Diagnosis. —Woody climbers, with palmate or peltate alter¬ 
nate leaves, without stip^cs; flowers dioceious, rarely perfect or 
polygamous; sepals and petals similar, in three or more circles, 
imbricated or valvate in the bud; stamens usually 6, opposite the 
soiMils and petals; pistil 3- G-gynous; fniit a 1 -seeded drupe, with a 
large or long curved embryo in scanty albumen. 

Illustuattve GransBA. 

Auamirtfi, ColtA. Cissampclos, L. 

Jatcorrhiza, Miers. Cocculus, DC. 

Mcnispermum, Toumtf, 

Affinities. —^This curious Order is related to the Anonacem and the Bor- 
bcridacem through Btxagea, especially when the flowers are perfect. 'Its 
nearest neighbours are Lardizabalaccie and Schizandrocem, with which 
the plants ee much in habit. All these approach the Magnoliaceie ; but 
the habit, the generally miisex'iuil flowers, and the absence of stipules 
serrate them from that family. 

This Order is very heteromorphous in almost all parts of its structure. 
The peculiar organization of the wood deserx'es attention, as does also the 
foliage. 

Number and Distrlbatlon. —A somewhat niunerous group, the species of 
which are natives of the tropics of Asia and Amenca, fbnmng woody 
climbers of great size in thd* forests. A few ore found in more temperate 
regions, but none in Europe. 

QuaUtlea and TTses. —^Narcotic and bitter jpropertaes of conriderable power 
occur in this Order. “ Cocculus Indicus," containing the poismious priii- 
ciple picrotoxine in the seials, consists of the berries of Ananarta paiii- 
culata\ Jateorrhka fWwMiJo furnishes “Calumba-root;” different species 
of Cissampdos, especnally C.Pardra (“Pareira brava”),are used as tonics 
and diuretica 

Species of Cocadus and Cissanvpdos are grovrii in stoves in this emuntry; 
some of the North-Americau Menfyierma grow as hardy climbers here. 
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OedseVI. LARDIZABALACE^. 

363. A small group, referred by Bentham and Hooker to Berbciids, and 
by HeGandolle to Menisperms. From the former they differ in their 
diclinous flowers, monade^hons stamens, sutural dehiscence of the others, 
and more numi^us ovanes. From the latter they differ in their more 
numerous ovules and small embryo in copious solid albumen. 

Illustkatitk Genkba. „ 

Hollboellia, WdU. | Stauntonia, DC. \ Lardizabala, Muk tt Pav. 

The species are mostly from the cooler parts of Asia and South America. 
The berries of some are edible. H(4lba-Ui<t and Sfaimtmua (Nepal) have 
been iutroducod as greenhouse evergreen climbers. 


OederVII. SCHIZANDRACEiE. 

•» 

364. A small family regarded by Bentham and Hooker as a tribe of 
Magnoliaceo} (.see p. 201), from which they differ meroly in their climbing 
habit, exstipulatu leaves, diclinous flowers, and fleshy 2.^-scedcd ciu^els. 

Illustuative Genkba. 

Eadsura, Jvss. Sphasrostema, Slum. 

llortonia, Wight. fiichizandra, L. C. Jtieh, 

The species belong to India, Japan, and the S. Unitisl States. They 
are insipid and mucilaginous. Schizandra iwcinea (North America) is a 
handsome greenhouse plant; ^fhccrosUnm (Nepal) has been introducAsl 
in stoves. 

(A small Order of East-Indian plants, Sahtaceae, arc related to the 
Menispermaceie in the circumstance that the sepals, petals, stamens, and 
ovaries ore ^ placed “ opposite ” to each other, hut they have li-merous 
hermaphrodite flowers anti a syncarpous pistil. By Bentham and Hooker 
they are placed near Sapindacese.) 


Order VIII. BERBERIDACEiE. The Berberry Order. 

Class. Polycarpicaj, Endl. All. Berberales, Lindl. Coh. llonalcs, 
Benth. et Hook. 

365. Diagnosis ,—Shrubs or herbs, with regular hermaphrodite 
flowers, wifh the sepals and petals both imbricated in the bud 
2 or more circles of 2-4 each (fig. 340); hypogynous stamens 
many as the petals and opposite to them; anthers opening by 
rsouzred valves. 


to S 
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Character. 

Calyx with 3-4-C dedduons sepals, surrounded by petaloid scales. 

Corolla: petals hypogynous, as many as the sepals and opposite to them, 
or twice as many, sometimes mth a basal appendage inside. 

Stamens equal in number to tho petals and opposite to them, the 2- 
cellcd anthers opening by a recurved valve to each cellj or rarely 
suturally {Podophyllum), 

Pistil : carpel solitarj', free, 1-celled; style somewhfit lateral; stiyma 
orbicular; plu^nta sutural; omdes anatropous, numerous or in 
pairs, ascending or suspended. 

Fruit baccate, or drj'; seeds erustacoous or membranous; embryo 
straight in the centre of fleshy or horny albumen. 


Illustuativu Gkitisra. 

Berberis, X. Epimedium, X. Caulophyllum, Michx. 

{Mahimia, Nutt.) Leontice, X. Jeflersonia, Bart. 


Abilities.—To ‘Ranunculac(!a; this Older is related closely by 
and Podophyllum. Pinmediiim .allies the Order to Famariacesc. 


Wersotm 
he con- 


“(wi?))) 


nexion with the Anonneero through Bocagea has pj 

b<!cu refem’d to above. They differ from Meni- 

sperms, to wliich their floral arrangements allv 

tiM'iu, in their hermaphrodite flowers .and small y 

embrj'o. Theremarkable mode of dehiscence of C 

tho anthers connects this Order in that mspect ® /*' 

with Lnnraceie and Atherosporuiaeene among tlio '' \ 

Monochhmiyde.'c. Caidophi/llum thfdictroides, a 
North-American plant, is intcrasting from tho 

development of its fruit; the pericnip d<diisee8 Diagram of the flower of T.fi- 
very early, and the two seeds burst out and lawtium: o, o.brarfeoles. 
ripen into naked ben-v-like Ixidies with a succulent testa. Tlie leaves of 
these plants ore simple or compound, sometimes reduced to the condition 
of spines (§ 103). The ripe anthers possiws a peculiar irritability, which 
causes their valves to turn back and burst when touched. 


Dtstrlbntion. —A smsU Order, the species of which arc natives of tem¬ 
perate climates in America, Europe, and the northern part of India. 

Qnalitleg and Uses. —^Thc bark of tlie root of some of the Indian species 
contiuns a bitter principle, on which accoimt it is used as a tonic in 
fevers in lieu of quinine. The Berberry (the fruit of Berhgris vulgaris) 
and the fruits of other mccies arc acid and astringent, and are eaten pre¬ 
served. The stem and bark are u^d by dyers, both on account of tlieir 
astringent properties and as ingredients in a yellow dye. The rhisomo of 
Pode^jUum peUatwn furnishes a resin which has purgative properties, 
and IS much used as a substitute for mercury. The leaves of this plant 
are narcotic; but the berries are edible. 

Berheris vulgaris is a British plant, often cultivated on account of its 
beautiful scarlet berries; the evermen Berberacem, B. Aguifolmm, &c. 
(AfoAonia, Nutt.), are also extenavdy planted on account of their shining 
pinnate leaves and the grey bloom on theiif block berries._ Bpimedium 
alpinum is a rare British plant, found in the northern counties. 
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, OroerIX. nymphoACE iE. Water-Lilies. 

Class. NelamUa, Endl. All. Nympholes, LindL Coh, llanales, 
Benth. et Hook. 

366. Diagnosis .—Aquatic herbs with cordate or peltate floating 
leaves, and solitary showy flowers, proceeding from a rhizome growing 
at the bottom of the walfr; the partially potaloid sepals and the 
numerous indals and stamens imbricated in several rows arc partially 
or wholly adherent to a large fleshy disk; the numerous carpels 
combined into a many-cclled compound ovary, with radiating stigmas 
on the top; ovules all over the spongy dissepiments; embryo minute, 
enclosed in a separate sac at the cud of the copious albumen. 

Illustrative Genera. 

Nymphass, Neck. A^ictoria, Lindl. 

Nuphar, Smith. Earyale, Salish. 

Affinities.—^I'he relations of this striking Order arc yaried, and some 
difi'eronee of opinion exists mnong botanists even as to their position in 
the two great classes of Angiospermons Flowering plants. Tue embryo 
appears to be truly TKcotyledonous; and if we range the Nymphteaeeee in 
that claas, they naturally approach the Papaveraccas in the character of 
the ovary, and with these hkewiso the Picoiiy tribe among the Hanu- 
culacem, especiully the kinds with a highly developed disk. The cha¬ 
racter of the ilonil envelopes and stamens allies them to the Magnoliuccfle. 
The Nelumbiacoffi and OabomboceiB are immediately connected with 
them. From a mistaken view of the structure of the seed, regarding the 
vitdilus or amniotie inner endosperm as a cotyledon (§ 290^, lUchaid 
assumed that this Order was Monocotyledonous; and idthough it has 
proved that this account of the stmetirre of the embryo was incorrect, the 
plants are so anomalous in many Tespects, that it is ditficult to decide as 
to their closest relationships. The structure of the rhizomes is quite that of 
Monocotyledonous stems; the haMt relates them to the Hydrocharidiicese; 
and the structiue of the ovaries indicates some ainnity with Alismacem. 

» When, however, wo regard the Dicotyledonous emlwyo and its mirmination, 
the quaternary or quiiuiry plan of the flowera, and the netted rmbing of the 
leaves, together with its close relation to the Dicotyledonous Orders above 
named, the balance of characters is strongly in favour of its reference to 
this Class. Nymphicacem are very interesting in structural'respects—as, 
for example, in the anomalous condition of the rhizomes, the remarkable 
development of the loaves in VictoriOj, the cfiiious succession of forms 
between petals and stamens in the many-whorled envelopes of the flowers 
of Ngmpheea and Victoria, the various degrees of development of the 
disk imd enlai^d^ receptacle, ranging from A«p/i«r.with a superior ovary 
to Victoria with its ovary sunk in the receptacle and its stamens and 
envelopes raised on an annular disk, the seeds growing all over the disse¬ 
piments, and in the peculiar condition of the albumen. 
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Dlatrttratlon. —A bdibU family, the species of which are distributed 
throiighnut the world, more rarely in the southern hemisphere. 

Qn^ties and Uses. —These plants are said, on doubtful authority, to be 
sedative and narcotic. More important chaxBctera arise from the presence 
of starch in the seeds of various kinds of Nympheea, of Euryak and 
Vietnria, wliich are used as food. The com-like rhizomes of some 
Nymphseas are eaten in Scinde, others in Western AMea. Among the 
moat remarkable plants of the Order is the Vuioria reyia, a native of the 
rivers of equatorial America, with its enormous circular leaves and beautiful 
flowers. ()ur native Water-lilies, the white {Nymphera alba) and yellow 
{Nuphar lutea), ars both striking obiocts, anS the cultivated Nymphaia 
eatmlea and the criinson K. nibra illustrate the brilliancy and variety of 
colour ill this beautiful Order. N. yiyatvtea, a blue-flowered Australian 
species, has flowers almost os large as those of the Victoria. 


(CAnoMBAOE.®, consisting of only two species, of the genera Cabmnha 

Nymphmoceffi, of 

stamens, ai4BHMlMMnikld 


Ind petals, hypogynous 


and containing one or two ovules on tfie dorsal suture. They are closely 
allied to Hauunculocere, but dilfer in the embrvo enclosed within a double 
albumen, liqtli genera occur in America, ancL ISrasmia also in the East 
Indies and Austr^ia.) 


Ordkr X. NELfTMBIACEA. Water-Beans. 

.*107. Large aquatic plants, lik#Watcr-lili#, but with distinct carpels, 
forming acorn-shaped nuts separately imbedded in cavities of a large to]i- 
•haped receptacle. Beeds solitary, exolbuminous. 

Affinities, kot —This Order consists apparently of the two species of AV 
htmhittm — N. c/jceioiium, supposed to bo the Sacred Egyptian Bean, found 
tliroughout the East Indies, but ro longe* in Egyqit, and N. Ivteum in 
North America. They are nearly rclatdd to NymphreBcero, through Ca- 
bombacoHS; and both a^re included in that family by Bcnthnm and Ilookor. 
The enlar^d roceptade of the fruit is very curious, and the peltate leaver 
raised above the wa»r on long stalks ore remarkable objects. The nuts 
^re the rifened carpels, which are contained in separate sockets in the top 
of the receptacle; the seeds have large flat lliwhy cotyledons applied 
against the plumule, which is unusually developed. The seeds, as also the 
tubers of N. luteiim and the rhizomes of 2f. gpecioiiu7n, are esdulent, Ixung 
full of farina at certain seasons. 


Order »I. SABBACENIACEiE. 

368. Polyandrous and hvpogynous Bog-plants, with hollow piteher- 
shaped or trumpet-shaped leaves, and regular polyandrous hypogynous 
flowers. 

luLtrsTRATivE Genera. 

Sarracenia, L, \ Hdiomphora, Benth. | Darlingtonia, Torr. 
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«rAiBiiltlm, * 0 ,—These eurious plnnts, chiofly remarkable tBfttefr'UJrBP 
malous leaves, forming ascidta (§ 101) or pitcners, are few in number, con¬ 
sisting of a few species of Sarracenin in the United States, a BarUngtmtia 
in Califomia, and HeKatnnhira i n Gu^a. Sarraemia has a very "largo, 
angular, peltate stigma, wnile thalKRf 'iEMIt0iiphnra is simple and trancate, 
regarded as related to jRannnrnlaeetc by the 4-6-merous and 
imMiaaMNBvelopes and the numerous hyjiogynous stamens, whi le the 
coherence of the carpels into a compound oVnry brings them al*lH(i'"HIUim 
time near Papaveracose j but the placentas are axile. 

Order XII. PAPA’VERACE.®. The Poppy Order. 

CUus, Ehoeades, JEncU, All. Ronnies, Lindl. Coh. Parietales, Benth, et 

Hook. 


369. Diagnosis. 



ous 

synearpous, 1 


celled, with 2 or many parietal placentas. 


Character. 

Calgx : sepals 2, rarely caducous. 

Corolla : petals 4, rarely 6^ hypogynou# mostly crumpled up in 
ffistivatiou. 

Siamem free and distinotpindefinite^hypogynous; anthers 2-celloif 
bursting longitudinally. 

Ovarg fre^ composed of 2 or more carpels (very rarely distinctly 
1-celled; ovides numerous, very rarely solitary; placentas broad, 
parietal, on the projecting incomplete dissepimonte; style short or 
none; stigmas radmtingydouble^opposite the imperfect disse])i- 
ments; ovules anatroxmus or amphitropous. 

Fmit capsular (fig. 342) with a number of placentas on imperfect 
septa, or pod-shaped with parietfil plaecntasf the dehiscence val¬ 
vular or porous; seeds mostly numerous j embryo minutef straighlf 
at the base of fleshy oily albumen. 

' lULUSTnATIVK Qknera. 

Cholidonium, Tourmf. Fapaver, Tyttmef. I Eschscholtzia, Cham. 
Argemone, Tournef. ] QlaucinidJ ' • | Hatystemon, Benth. 

Afflnlttes.—iTohing the common Poppies as types of this Order, we find 
a marked disdnetiou from tne 2-merotis calyx, the con¬ 

fluent carpels, and the mil^^mcen^^we first two of these characters 
do not hold universally, smcc Argemone lbs sometimes 3 sepals, and 
Hatystenwn has the carpels more or less di^ct, or united only slightly 
externally. Boccania, with -™inl] ”"irtii>SDd' no pofslti 
ThaUctrum. Monstrous cajisules of Papayer occur in gardens ^th the car- 
peb pos%4&MS, somewhat-aa in NigeUa. This Order is also related to^the 



IHALAHIFIOILX. 


209 


^by the general structure of the fl ^ 

rnssepimentsTxtcnd quite to the axis in the Canl5rMah~^nua^ji.o/B,jeyo. 
AnotW ^nus from the same region, Bmdmneam, has peculiar double- 
lined panetal placentas, and the capsule bursts into 2 valves with the 
°‘>“d8oathm3|annjU|aaiu^jj|||||||||^hfym;|^j|Bjuu;y arraugcjment of 

tuc "c-?,—!_ •* 

cium, Chelidonimm, &c. caus^RIos^resemn™__ . 

nu^i^L from which, however, there is a markea ais nummu uf ' t iie 
seeds and the narcotic milky juice; the tetradynamous 
stamens of Oriiciferie, too, almost always anord a strikiug character; but 
a remarkable exception has been lately observed in an East-Indim poly- 

Fig. 341. 



FMawr Kmr^emn. 
Toe Otriom ropiiy. 


Capanls'ofFoppy iTapaoery. a, tnumene nction 
6, seed. 


androus Crucifer (Megaearptea pdyanArd). The nearest relatives of 
the Fapaveracen are fhe^j|Hi|||^i^ch are combined with them as 
an irregular form by SomWJ^M^The upreement is great in many 
respects; but tho ^mariaceoe have irregular flowers, diadelphous stamens, 
ana a watery juice: the geitas Hypeemtn , however, has the corolla nearly 
regular, and its 4 stamens are mi®’ MewneUa, in the present 

Order, lias but 4r-6 stamens; so that Hypecmmi is midway as it were 
between the Orders. 

here are the varied confor- 
ition of the stigmas by two 



lamelhe from adjoining carp^ There is 
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SYSTEMATIC BOTANY. 


sgwra _ 

ducous sepals in tilt* Klfiii of a conical cap. The atameris and 
moreover, become }>erif!ynoiiH in this irenus. The sepals in most* cases 
fill off when the flowers expand, so that they must Ik* obsi'rved in nn- 

wtSSh^^o^o^J^op^in a wiffstati*; 


peti 


eiesixscor in all 


QnaUtles and Uses. —^Tlie milky juice of Pa^iaTenieeip is -v erygPnPS 
powerfully narcotic, sometimes aciid. Vapaver mmuiferioii, the Opium 
I’oppy (tiff. •‘Ul), is the most im]>()rtant plant of the'Order, the opium 
consistiiifi of the dried milky juice obtained from the unripe capsules 
(flfr. 312). Its native country is unknown: hut it is larjridv cultivated 
in Turkey and the Kast Indies. Its si*pds yiidd a fixed oil, w hieh is quite 
harmless and is used both by itself and ns a means of adulteratiii{r oli\e- 
oil; th(' oil-cake is also us<>d for fecdin*r cattle. The seeds of Aryerntme 
mericautt are narcotic-acrid. The yellow acrid juice of (ItvUdmtium majm, 
as also that of Bofconia fndegcfn», is poisonous, and is sometimes used as 
an escharotic. Sauffuinnnn ntuademi», the Blood-root or I’liccoon, re¬ 
ceives the former name from the red juice of its root, which is employc'd 
in North ikmerica for its emetic and purprative properties. Memmi/min 
nejmlriisii, is said to be leiy poisonous, especially in the TOots. 

Scternl plants of this tirder an- svild in this country, as the four kinds 
of lied Poppy of our fields, the commonest of which is Pajmvr J{h<rm. 
P. rnnwifennn is a corn-field weed in many jilaces on chalky soil; and its 
nnmerou' double varieties are to be found in most gardens, (thneimu 
luffuin, the yidlow Horned Poppy, psiws on onr sea-shores; Chelidomum 
maJm psms about hedpres near iilla;res and is apparently an outcast 
from prardens; the other native plants of Ibis Order me less coinmon. 
B'lrhvhdtzia, a ('alifomian premis, is now ibuud in every p^orden; and 
PlatifiileimH, Argvmone, and other genera an' also cultivatwl here. 


Obskr Xm. FITMARIACEJ5. The Fpmitory Order. 

Class, lihoendes, JEtidl. All. Berberales, Lindl. Coh, Porielales, 
Benih. et UooJ:. 

370. Biar/nosis. —Delicate smooth herbs with watery juice, dis- 
swted lea'’cs, irregular flowera, with 4 partially united petds, 0 
diadelphouH or 4 distinct stam ens; oym 7 1-cellcd, 1-seoded, or 
soveral-Beedcd with two pMalf 

Character, 

Calyx: sepah 2, caducons. 

Corolla: petals 4, irregular, in 2 circles. 

Stamens hvnoarvnona. rarelv 4 and distim*. opposite to the petals, or 
6. diadelphous, the pariP^piiHWliyWIB^ ^ Wit h 
r^and 2 lateral 1-odled anthers. 
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Ovanj free, 1-celled; styh filiform; stigma life 2 or more pointe; 

omdes horizontal, ampliiiropous. " 

Fruit: an indchiscciit 1- or 2-seedcd nut, or a dry 2-valveJ or suc¬ 
culent indchiscent many-seeded pod; seeds shining, mostly arillate; 
■tnebryernaante, abaxial; ShaigWSSuMmrvedj-in^eshy albumen. 


, , iLLU^ATira QENKgA., 

Dicentra, Borldt. | I’umarin, Tournef. | Ilypecoum, Toumef, 

AeSnitles,—The Hose i-clationship to T’apavoraceee has been pointed out. 
Bentham imd Hooker indeed include Fumitories under that lamily, ITy- 
^emm, with its four distinct stamens, diverges from the ordinary type 
imiuediatelv towards that Order. The nufhber, form/^jH^IUmpnient 
9f^the llurm en^ijlppes m.nxk aja to t]i9Jk.>rberilk|g^j|^(m like¬ 

wise have stamens opposite to the pet^s. A further rrfanonsnip exists in 
tlie dh-ection of Crucifew, concerning which, however, authors are at 
variancu, on account of the curious condition of the diadelphous stamens 
here. As stated above, the two parcels each bear a central 2-celled 
autfier wife a single anther-lobe tp each side. Lindley and Asa Gray 
n'gai-d these parcels as formed from four stamens, the twolatera^f which 
art! split, sending half an anther to fee posterior, and fee other mdf to feo 
anterior parcel, oft'ering an illustration of elwrisis (§ 149): this would be 
in agreement wife tlx! four stamens of llyim oim ; but six are said to occur 
hero sometimes, which would favom* Gay’s view, feat fee plan of the 
stamens is like feat of Crucifene, and their normal mumber 0. I’robably 
there art! but two starapus originally, from which”the lateral ones are sub¬ 
sequently produced. Lindley is ^so inclined to think that the so-ealled 
Be|tids are really bracts, and the turn outer petals sepals, which would render 
the position of fee stamina! bundles opposite fee outer petals (sd^als) nor¬ 
mal ; but the relationship to ller ) |g pflac^ js against fe^g^^Jt^e.mode in 
which the homed stigmas push themselves against the extrdBo anfeons in 
fee blossom of Fmnana, while the petals cohere by their tips, is worthy of 
examination, as also are fee modifications of fee staminal bundles in 
Fumaria, Bieeutra, &e. The long pod of Jlypceoum has transvci'se spurious 
septa between the seeds. 

Distritratlon. —^I'he species arc not very numerous, and are mostly found 
in the temperate parts of the Northern Jlemisphere. 

nnaHWM Ajji^ sometimes rather acrid, and wife 

slight diaphoretic anaape rieptpropprtie s. but o ^ hrile importance in this 
riispect The genus i^mio'r/oTfais a nuriiter oFiafeer^oubtftil species in 


several tu 




plants in our garaens. jMcemra (.umyera) speetatnits, a nanosome i^ni- 
nese species, is now greatly cultivated as an early-flowering greenhouse 
plant, which is hardy in some situations. 
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N Order XIV. CRUCIFERiE. Cross-plowers. 

Cla»s. IlhoeadeR, Endl, All. Cistaltis, LiM, Coh. Paiietales, Benth. 

et. Hook. 

371. H erbs with a nungmt wp,terv ii^ice. cruciform 

4-merous flowere, anotctraupiamous sfamous; fruit a silique or 
silicle; seed cxalbuminous. 


Cltaratier. 

deciduous^imbricated or valvate in the bud. 
f distinct^ stalkcdpw^nMdjjllth^ri^^cros# 


Ctdyx : ^»e^J|deciduou8^imbricate 
Cordial distinct^ stalkcdpm 

altcmann^witn the sepals (fig. SH 
Stametis tetra^jrgggjm (fig. 344), a 
single snortone^positc each lateral 
sepal, and a pair of long ones oppo¬ 
site the anterior and the postonor 
sepal# with small glands interve¬ 
ning between the stamens on the 
receptacle. 



Fig. 843. 


-divided 


natural 


Hus:— 
sides or 


edges of the flat, accumbent cotyledons; 2. NotorJiizce (0|1), with the 
radicle folded against the back of one of the flat, incumbent coty¬ 
ledons; 3. Or^pheece (0»), the radicle similarly folded, but the 
incumbent cotyledons longitudinally' folded (induplicatc) so as partly 
to surround it; 4. Spirolpheas (Ojlif), the cotyledons linear, incum¬ 
bent, and folded or rolled over on themselves and against the radicle; 





















Fig. 348, 


Fig. 349. 



Fig. S'!?. Biliolf* of T$aiw’. tf. ontirc; 2, cross sectJoii. 
Fig. JM8. Ihxrsi silioJo of Tkltuffri. 

Fig. 340. Bofd out veitic&Uy: a, fionicalus. 


3. SUimhscf. m>(fiistigcpt<r, a TtilTcd silicic •xvith the rcplum in the 
narrower diameter; 4. Niiaimentacece, witli an iudehisamt silicic, 


often l-ccUcd without a ivplum; 5. Septdatw, with the valves 
bearing transverse septa in the inside; 6. Lomentatea, with a pod 
breaking across into 1-seeded pieces, sometinies with a l-2-8eedcd 
beak above the abortive true pod. Bentham and Hooker’s arrange- 
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ment closely corresponds with this; but the Suborders are aU more or 

l!BBS*WltificiBl; - * 

- foXUSTBATlV® 0 BNBUA. 


Thljwpi, 7^' 
Iberis, X. 

Cakile, Tmmef. 
Malcolniia, 72. Br. 
Hesperia, L. 
Si^trobrium, LT 


Cheiranthus, 72. Br. 

Matthinla, 72. Br. 

Nasturtium, 72. Br. 

Arabia, L. 

Aubrietia, Adans, 

Alyssum, L. 

Eronbfla, DC. 

Cocnlearia, L. 

'Affinities.—^The rclatidnships ofThis Order to 
juSaj^^ and theiiee with 
DM^Wrelt on already. VVltJl the' 
closer, in the general character of tl 
that 


Erjsimunn X. 
Capselln, refit. 


Brassica, L. 

Sinapis, Tmtrtie/. 
Crambe, Toumef. 
Ilaphamia, Touriuf. 
Senebicra, 7Wr. 
Subularia, Admix. 
Schizopetalou, Hook. 


^ing njsarj nave 
10 agraehient isllll 

^ ___ the seeds; but wKeh 

as BO few as six stamens'tliey are nbf tetradynamous—an 
univo^sarddncfitioii in'Cmcilerie. 'Oi^jnima|ni^i^bimk 
tba «nmti|lfm^^gnw|y|^|ya »rder Ja a 

TTietwo laMHU sepals are'aitacnett higJier up tnan tne^otber twoj 
petals are in a single row. ImidlM’ and mimy otliS^TeSr^lie 
sS stamens , as helonmng to J^p circle's of four, the oiiter of which hSs 
always two stamens abort!ve,'’whilo the inner'pairs should noimiilly stand 
sjwly before the four^petabi.if 'the glands in the feccptacle'are't o* boT e- 
^^ed as abortiye stamohsrwhich is plausible, this structure really*(!Rps 
exist in Brusimmi Peroffiikifit^im, where the two glands stand opposite 

to be as many as six glands in some (Irucifers, which im olves the existence 
of three stnniinal circles: as a polyandi’ou.s forni (Mri/ncar/xra fio/i/amlrii) 
has been met with, we may even mlinit this. Moquin-Taiidon and Webb 
regarded the stamens as normally four, the pairs being formed by rhorixk 
($ 149).. As to the ovary, it seems most simply e.xploincd as composed of 
two carjielswitli a spurious dissepiment, the stigmas opposite the placmitas, 
like those of 7tq«/«r,1jeing double and composed of a ntdffrom each enrjiel, 
just as the placai^as aiv. The fact that four carpids are sometimes found 
in monstrosities, and are constant in the genus TefracAliuti, merely indi¬ 
cates a return to a symmetrical condition, ordinarily interfered with by 
suppression of two caniels The murt recent views as to tfre st^iytpre of 
the flower arc those of Eichler, w lio attirms the existence of cbonsis in the 


long stamens. Ills notion is that the flowers of Crucifers consist of two 
antero-postBrior sepals, two lateral ones, four petals crossing the lateral 
sepals diagonally, two lateral short stamens, two antero-posterior long 
stamens split into two, and two lateral carpels. These views are adopted 
after an examinathm of the develonment of the flower, in which there are 
first to be seen two tubercles for tne fore and aft sepals, then two for the 
lateral sepals; the four petals originate simultaneously; the two short sta- • 
mens arise opposite the lateral sepals, the two other stominal tubercles are 
subsequently developed at a higher level than tlie preceding and decussate 
with them; these two after a time liecome notched, the notch gradually 
deepens and ultimately forms two distinct stamens. As a rule Crucifers 
have in the adult conditioh broctless flowers; a few species have-bracts 
normally; and they sometimes occur as abnonualities. 


ihauuifloiue. 
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IMstribatloB. —^This large Order ia imtural, and, as usually happens 

in such cases, die genera are very dimcult to define. - 

most abundant in tofypep^te and cold climates, and aeldnm 

■ >oiT.n in thn l.i 

SSTOTaracter is antiscorhutic, the -watery 
' ' ' ijjJ,-which 


aei ana Uses.—^rne 




juice being often pungent and occasionally ara-id. The ^ 
w contained in their cotyledons. By cultivation the 


I acnd juices become 
milder, and the structuriss are easily'made very succulent, from abnormal 

development of parenchyma, '_ ' 

aU^^yillJiijA^i PJtl'ur thfjir roow^STE^TSmjJJH^sSajjE^^TEmr 

stem and leaf-stalks, ns 
or undeveloped inflorc^fflce^^^ 

all fhaii* vari^fiaa anH 


Hill j 


a^i!od for cattle. 

J). eampettris and S^lSpao^M 


tmneTnmaannr . 

35 i; 7 iii • f,-TRT®i/yvrw)Twwc':jy 7 TsOTa ip-vati t jm W:* 

tiFW 'ViM ffrt » nmfrwnii^TOto«3tufi t M?fiT!<n cwi-n esii t 


, IS most Talunlu4_ 

lis supposed to be a hybrid between 

yspW. 

ire cmavatea on ait 

^^TsoniuTcTI^SI^ still mor^the seeds.qf^^Bcfristuds. 
the latter of which yields the prope^ome^nuSS 
III ofSdmla) and ''' ' 

are pungent salad-piailis! 


OT??i5aTOii»*' 




MKlii All tut* m;s,un mivt iit t/ut.! iit^iartl^i^y ?tlli'llv.O 1 >A 1 C UlOtA^iCVttUiU BlUtfli UX 

water in which they have been boiled, or even of the bruised fresh plant 
of some, as Erjfnitmm Alliaria. Oil of Mustard, obtained by macerating 
the seeds of Black Mustni-d in water and distilling, is violently acrid. 
Most of the genera cited in the list above are represented by common 
wild plants in this country, tlu! rest are found in most gm-deius; MaUhiola 
is the Stock, Cheirmithux Vheiri the AX’allUower, &c. 


" ■ Order XV. CAPPAllIDACEiE. The Caper Order: 

Class. Rheeades, BaM. AH. Cistales, Jmil. Coh. Porietales, 
JieiUlt. et Hook. 

372. Diofrnom. —^Ilerbs, shrubs, or wmdy trees, with alternate simple or 
lobed exstipulnte leaves; cruciform flowers; stamens numei-ous, or, if fi, 
not tutradyuanious, on a disk, or with an intoruode separatiny^ them from 
the corol^ and a 1-celled pod or berry with 2 or more pai-ietal placentas j 
seeds reniform, exalbuminous. 

InnuBTRATivE Genera. 

Tribe 1 . Clicomeab. Frmt mpsidar. Tribe 2 . Cappareas. Bhiit baccate, 
Cleome^ 1)C. Oadabo, Forsk, 

Polanism, Baf. Capparis, Jr 

**®>*t*®*‘—This fWer is clasely related to the Oriicifewe, botli in 
structure and properties, being distinguished chiefly by the mostly inde¬ 
finite stamens, which when omy sis in number are very rarely tetradyna- 
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mooB. and bj the stipitate ovarj. The parietal placentas and the disk 
to th e Resedaceas, which likewise. have kidney-shaped ex- 
s; there is a more distant affinity to the Bikacoie, whii^ 


mnOiE!?* 

-.mil" iwiit _ 


circles of floral organs is a strikiu_ 
in Cleotm and Cmwu-in the receptacle has rather a discoid'^relopmcnt 
below Hie s’KSneMj^ho ovaiy being stalked; in Ot/iiafidrojtiu and Cadaha 
there is a stalk-like pi-ulongation of the receptacle between the corolla 
and stamens andtetwconriiestamen^nd the ovaiy/NUJJiis structure 
coiiflecis'the’plaiifffW'BBBWBPfBPTflHTassillorRceoD. In ot her g enera 
to a more or less, fleshy or glaSdRiffit disk. 
In Fhysustoti'fn lho''OT!HB!B"BRPfflHBllifBi*^o or four posterior ones 

on below the anthers. 


18 a lai'ire 




apenent ana annieimmnc. 


iLLUSXJlATn'B GbNKBA. 

Reseda, L. Oligomcris, Camhem. 

These plants agree in many respects with the Capparidacese, as in the 
presence of a disk supporting the stamens, and the renifoim seeds. Ry 
Aliiller they are placed between Caimarids and Crucilers, which seems the 
most appropriate place for them. There is a more distant relation to tlie 
Papavei-aceie, from which, however, they are always distinguished hy 
their ezalbuminoiis seeds. Moringaceie have many points in common, 
but differ in habit, foliage, straight embryo, and monudclphons stamens, 
""he oneniug of the ovary nefoi’e the seeda are rine is worthy of note 
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Distribution.—A atnall oi-dor. Most of tlie kinds are European; but a 
few oftcnr in India, ISoutli Africa, and in Oalifomia. 

• Qualities and Uses. —The best-known plant of Ibo Order is Heseda 
so muck 'SjdHfijiJfijjJsjjerijpje and hardy character. iSeseefe 
iMfMJit, a native weed, commonly caue^Weld, yields a yellow dye. Soine 
of the species ore acrid. 


OBDKtt XVIT. MXACE/E or FLACOUETIACE.E. 
This Annatto Ouujsb. 

Class. Parictalcs, Eiidl. AH. Viulales, Lutdl, Colt. Parictales, 
lituilh. et lluidt. 

JJ74. Di'af/nosis .—Shrubs or small trees with aUernate exstipulate leaves, 
nsnidly entire and leathery, often dotted; re^rnlar hermaphroditi! or uui- 
s'-xiial Ihiwei-s; sepals -1-7, slightly coherent below; petals as many and 
liisti.icl, or absent, staiutms hypogyjioiis, gimerally indefinite; ovary stts- 
sile, oi- slightly i. talked, 1- or rarely more-celled, with 2 or mure parietal 
])l:icc lias, ovu' .s cii."> d; seeds numerous, with a straight embryo in the 
avis of llc.sliy u>Oiiu>ercotyledons broad; radicle next the hilum. 

i-nusTitATivK Genkra. 

J’lix., hlacourtia, Cotunwrs, 

Oncoba, Forsk. Erythrospermum, Lam. 

Itidab'’! to .he Samydaceio, but di.stiuguished by their hyjtogynous 
stamens, anil to the I’a.'.silloriu-en!, but de.stitutc' of a coronet Prom 
('u]>parids they dilfer in their albumiuous seeds; from Cistaceie in their 
straight ovules. Ifentham mid 1 looker reder the small group Pangiacco! 
(See jmst) here. 

The species are not very numerous, nnu are mostly natives of the hottest 
regions of the globe; some of the ptlants are hitter and astringent; the 
pulpv fruits of Oncoba, of Flacourtia J/amontchi, sapuia, and sipurrta ore 
t'dible. Hi'j-a OrcUatta yields the substance called Annatto, used for 
colouring cheeses mid as a dye; it is derived from a pulp surrounding the 
seeds. 


Order XVlll. CISTACEfE. Hock Hoses. 

Chm. Parietales, Emil. All. ('istales, Ltudl. Coh. ParietaleB, 
Eeiifli. et Hook. 

W(). Dinffttosis .—Low shrubs or herbs with regular hermaphrodite 
flowers, persistent calyx, distinct hypogyiioits, mostly indelinite stamens ; 
pod J -celled, tf-5-vidvcd, with as many pmietal placentas; ovules straiglit; 
seeds albuminous; embrvo curved or spiral, with the radicle remote li-om 
tho hilum. 

InriTSTBATlVE O E.NKUA. 

<• 

Cistus, Tounief. | Helianthemum^ Tounief. 

L 
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iLiBnltlea, *c,— Nearly related to Violacefo, Bixacese, and Droscracoic, 
but distinguished by the form and direction of the embryo, from the 
Ilypericace® by the struct.urc of the fruit and the absence oi dots on the 
leav69| and from Linaccio bv t he fru it; they al so appr oach Papaveracetu 
hylkudrotnecoH and Lindlw "cMfiuders tnal tiiireis some connexion 
■with Oanparidacea; and CrucUersB; but the 4-merou3 plan and exalbumi- 
nous see^ of those Oidera remove them widely. Some of the Helianthemu 
have dimorphic flowers. 

The Cistacese are most abundant in South Europe and North Africa, 
but occur in other parts of tlie globe. The gum-ivsin called Lad.anum 
is obtained from CVs/w* errtieus, ladamfenM, Zedoti, and othjjrs; and the 
plants generally ore i-egatded as rerinous ^ud balsamfr. Many species are 
cultivated for their beautiful but fugacious flowers. 

HduaiOientum vulyare, a native phuit, is remarkable for the irritability 
of the stamens in tlie newly opened flowers. 


Order XIX. DllOSEEACEJi. Sun-dews. 

CUm. I’arietales, Ettdl. All. Berlxirales, Lindl. Coh. llosales, 
Benth. et Hook. 

37fi. hmijiiom. —^Bog-herhs, mostly glandular-haired, with regular hy- 
pogynous flowers, 6-merous and persistent (withering) calyx, corolla, and 
stamen^; the anthers flxed by the middle, exti-ome; ovary li'ci!: ovules 
numerous, inveited; pod 1-celled, with twice tis many sepunite styles and 
stigmas as there are pai'ietal placentas; the embiyo minute, at the base 
of fleshy albumen. 

Illustbative Okkera. 

Brosera, L. \ Aldi-ovanda, Monti. \ Biouica, Ellin. 

Tine interesting but not veiy numerous plants of this Order lU'e remark¬ 
able for the circinate curvature of their ilower-stollis, which, together 
with the absence of stipules, the extrome anthers, divided styles, &c., 
separates them from the Violacem, which they a^iprouch ; they are con¬ 
nected with llypericaceas by Parnassiii, and have some allluity to Oistaceiu 
and Tumeracea!. Bentham and Hooker place them near the Saxifrages, 
These plants ai-e found in bogs or marshes in most parts of the globe, 
excepting the Arctic regions. Their double stigmas are curious; but 
their most interesting cnanictem reside in the leaves, which in Dronera 
(Sun-dews) are covered with beautiful glandular hairs: three speeie.s 
occur in this counts. Aldroranda veniadmt, a native of South Eurojxi, 
has curious whorled cellular spoon-shaped leaves; while Dioncra niuHci- 
ptda, the Venus's hly-trap of the North-American bogs (occasionally 
cultivated in stoves here), is well known for the remarkable iiritability of 
the lamina of the leaf, the two lobes of -whieli close upon any object 
touching the upper face. The Broseraceo) arc said to be acrid. 
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Ordkb XX. VIOLACEjE. The Violet Order. 

Otm. Porietales, Ettdl. AU. ViolaleB, Lindl. t'oh. Parietalea, 

et Hook. 




_ alternate, usually at | - 

^ hcrmdphromio, Rith a sosmif 

7lVu>t!llH ! HtilDWtlH llVnAinTTinlla 


■I' 'KS. ]}!(ifpioing. -i 
jjulute; flgwo_ 

what irrSfum' l-suiirrcd corolla of 5 petals; staiueiis 5, hypogynous, 
with adiiutc introrsc gnthera^ccSniveiiJ over the pistil, connective of 
the anther usualfy proIongj(!(lj style and stigma single; pod 1- 
celled; 3-valved, with Jl paiietnl 2 >laccntaa in the middle of the 
valves; seeds albuminous;■ cmbrj’o straight. 


Character. 

Vati/.r : sejxils a, persistent, usmally elongated at the back, imbricated 
in tvstivation. 

Corolla : peiah 5, hj-pogynous, equiil or unequal, one usually spurred, 
withering-persistent; oblhjm'Iy eouvelute in mstivalion. 

Stameiix 5, alternate with tint petals, or occasionally ojiposito, in¬ 
serted on an hypogynous disk, often unecpial; anthers 2-cellod, 
introrse, sepaiute or cohering, and lying upon the pistil; .the fila- 
nu'nt or eoniieetivc' prolonged beyond the lobes of the anthers, in 
the im'gular flowers two of the fllaracnts are spurred at the base. 
Ovarf/ eompound, 1-celled, with numerous o\'ules on 3 imrictal pla¬ 
centas oi)posite the 3 outer sepals, or niinly 1-ovided; ovules ana- 
tropous; sti/le single, mostly declinate; stiejma capitate, oblique, 
hooded. 

Fruit : a capsule bursting into 3 valves, with the placentas up the 
middle; seeds mostly numerous; emlrryo straight in the axis of 
fleshy albumen. 

iT.i.rsrnATivK Genera. 

Viola, L. \ Papayrola, AuM. \ Alsodeia, Thouars. 

Afanlties.—Ilylhc irregular flowers and appeudaged anthers wo readily 
distinguish most of the Violaeea' ti-oin the itrosuracem, Cistact^m, and 
Sauvugcsinei'ro; and in Aleodeia, wh(!rB the corolla is regular,’the simple 
style and capitate stigma are still available; and several other important 
ditrerenees exist, such as:—the deUuite number of stamens and straight 
embryo, unlike that of the Cistat-eie; dilienmt vernation and stipulate 
condition of the leaves, unlike Urosemcete; while Sauvagesiacete, besides 
having the anthers uuappeudaged, have either numerous stamens, or, if 
live, they are opposite to the js-itals and alternate with five scales; more¬ 
over the capsule brnsts septicidally, so that the placentas are at the edges 
of the valves. Violaeeaj are related more distantly to I’assiflorace®. In 
the native specitis of the genus Viola, it is nut uncommon to find apetalous 
flowers, especially in the autumn. 

L 2 
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Diatrnratla&.—^An Order consiatinp of a few genera, some, such as Viola 
and Alsodeia, ricli in species, the gi'eater number witii but f(!W. The im;- 
gular ViolacetB belong chiefly to Europe, North Asia, and Noilh America, 
where they are generally small herbs, and to South America, where they 
are mostly shrubby; the regular genei-a, Alsodeia &c., belong to South 
America, Afiica, lutd Malacca. 

Qualities and Uses. —The Order is characterized in general by emetic 
tfhich ai^espBBItlJlJ' dWlBJpBfftlTtllWSfcth-American loumta; 
l^arm^mtm, 1. Poaya, I. Anhu, are used thrawTBstead-oflpacacuanha, 
and the last was formerly supposed to be the true Ipecacuanhorplant 
Viola caitim, the rommon ])og-Tialet of our luaiges, is said to be heuc- 
ficial in skin-diseases; and the same properties are attributed to Auchietia 
stUutaris in llrazil, where it is also used as a purgative. The roots of 
the Sweet Violet, V. odorata, are emetic and pur^uve; its seeds are also 
purgative. V. tricolor is tire Pansy or Heart s-tsase; its leaves have been 
simposed to contain hydrocyanic acid, since they smell like peach-blossom 
when bruised. 

The SAUVAGBSiACKai form a small group sometimes separated from 
Violacese on account of the characters mentioned above. They ore related 
to the llj-pericacece through I'artutssia. 


Order XXI. FRANKlilNIACEil-]. 

Class. Piuietales, Endl. All. Violales, Lvtdl. Coh. Cary'ophylline.'n, 
lienth. et Hook, 

■378. Tliis small and unimportant Order bears very close afllnity to the 
tribe Silenose of the Order Caryophyllacwo in the floral envelopes and 
stamens; but its placmitos are panetal, and the embryo is straight, which 
causes it to approach Violacere, and esiiecially Sauvagesiaceie, fi'om which, 
however, it diners in their united sepals and e.vtrorse anthers. Most of the 
plants are found in South Europe and North Africa; but a few species are 
scattered in other parts of the world. They are said to be mucilaginous 
and aromatic. " 

Illustrative Genus. 

Frankenia, A 


Order XXII. TAMARICACEjE. The Tamarisk Order. 

• « 

Qom. Gu^em^ BmU. All. Violales, lAndl. Coh. CaryophyUina!, 

. Eenth. et Hook, 

379._ Eioffttosis .—Shrubs or herbs of fastigiate growth, with alternate 
scale-like leaves, usually pitted; flowers in close spikes or racemes; calyx 
4-u-parted, persistent; peWWistinct, adherent to the calyx, withering; 
both imbricated in estivation; stamens hypogynous^ equauing the petals 
or twice distinebor coherent; ovary superior, ovules numerous, 

ascending; capsme fl-valved, 1-celled, with 3 placentas either at Ihe base 
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or 1 in thp middle of each valve; seeds comose, without albumen; embryo 
sti-ai^'ht; radicle inferior. 

Illustbativis Genkba. 

Tamarix, L. \ Myricaria, Desv. 

Affinities.— Endlicbor looked ujion this Order as intermediate between 
Ilypericaee.'e (through Enaumimacere) and Lythracore, while Lindley 
thinks they stand rather between Violaceas and Crassulaceae, and De 
C’andolle plnoed it near I’ortulacaceie, as also do Bontbam and Hooker. 
hVoni all tli(! abovo*liow(!ver, thl^ diflerlB 'tlftmittiJre of thttfseedS!" 

Distribution.—A group consisting of two genera, mie with seveMifibe 
other with verv few species. The plants are natives of the northern 
hemisphere of the Old World, growing chiefly by the sea-shore, or on the 
margins of rivers or lakes. 

Qualities and Dees.— The bark is bitter and astringent; and those lands 
growing near the sea yield abundance of soda when burnt. Tamarix 
maiim/ira yields the. Manna of Mount Sinai, a kind of mucilo^ous 
sugar, said to be exuded in consequence of the attacks of a Coccus-insect. 
Sevcijil species are attacked by gall-insects, and the galls of T, indtea, 
(Jioica, Furax, and nn'entalix iirc used in medicine and for dyeing. Tamarit 
fliiUka flonrisht's well iieai' the sen on our coasts, and is an ornamental 
shrub. Myritwiti i/n imiiika is a handsome shrub in our gardens. 


OhdkbXXIII. CARYOPHYLLACE^. The Piek Obbeb. 

C/rux. Caryophyllaceffi, Fnc/f. Alt. Silcnales, HfuS. Coh. Caryophyllime, 
lieulk. d Hook, 


380. IHag’nosh .— Herbs with onnosite entire leaves: stems swollen 
at the iojmts ; ^Iowctb BYmmctncai.^5-:merog ^ mth or ■mthont 
petals; stameus distinct, not more than twice as many as the sepals, 
hy^yiKiBS ui'^rigynous; styles 2-5; seeds attached to the base 
or to the centrid placenta of UlipHUWi 

embryo curved round the m^alv albumen. 


Character. 

Cahi.r: sepals 4 or S(1 persistent# distinct or coherent into a tube. 
Corolla : petals 4 or ^dawed, often deeply bifid* 
moadv separated bv a sh^ intcroode from th^caivE. 

Stamens twice as many os the petals, or equal to and opposite to the 
sepals, sometimes fewer, inserted with the petals; filaments awl- 
shaped, sometimes coherent; anthers u 


Ovanj sessile, or raised with the cor olunnd stamens on a short 
st^ aBove the calyi#l-celled; witE*ffll jBBBrB8S!i^ or with 
2-5 dissepiments extendii^ to the cen&e; ovules few or nume- 
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Pi!'. ;wi. 


tons; sH^mas 2-5, filiform, resembling the styles, hut papillose 
down the inner side. P'ig. jj.*0. 

Fruit oaggijJgi\ l-eelled, with a eentrul 
placenra^2^‘)-val\ed, or sjilitting 
into 4-10 teeth iiboie (fig. .‘i-lOlfor 
2-5-eelled, loenliciddly deliisocut, 
with tho plaeeut.is Adhering t« the 
septa; Sfrrh mostly iiidifinite; the 

g^tiogrivi^riaifelystrAigiitor 
spinil. with little allmmen; i.idicle 
nest the hilum. 



Fig M’lO OnitimU ofCtrtmfiMtt Imrat 
Fi^ V>1 Sution of '«id of / 

A, indoHiurm* A 4 *iii 1 >r\o 


Ili. 1 sin 1 iivj, (!iM.nA. 


Trik'l. AnsiNTJE. fippnhdMurf. 
Sagiua, Z 
Alsme, WuMenh. 

Arenariii, L. 

Stdlaria, L. 

LViastiuiii, L, 


Tribe 2 Silem'jt. Sriutheohtrwff 

into (I tuhe. 

fHnnthiis, L 
Saponaria, L, 

Hilene, L. 

LxJini*., L. 


Affinities.—The ojiposite entire leat i s snriiijiing from thiehened inwles, 
definite slamens, and the t hniacter of flie plaieuta and seed", •.ene to 
(listin}(iii>-h the great niuioiift of this well-iumked ()idt*r. The maie^.t 
relations ot the ('ar\ ophj llac< le, as lun* definwl, are iinipiestionabh the 

whieh tve s(>paiate nion* toi the s,die of 
cSrBieneMiRiisSnOT^Hwffiin aceonnt of natui nl <li versit t, since in hot h 
those Ordeis there is a i.iriatiou betwoin the hipouMions and iierig_\nons 
conditions. Thellleeebmeeai mav beidistbignished hi tlnir scaiious sti- 
pules and utricular fiuit, and the I’ortiilacaoote by the and 

W the stamens whan equal totlie sepals being alteniale.offtjtplWWth the 
petals, siuee it s(*ems more comenient to beep th? MoUuj/wx/ with I’or- 
tukcacea- if thei aiWtKvided. Tho apetalons forms, and the alliance with 
the Orders just named, coiinect this Order with fhe 

chni'actemecnDy^cuned 

enl^^urrounom^niou^ 


bnraen. ■ 

Th|n^|£ynt|ymy|yjh^yij;]m{>]ydh^^i8 reganled by some authors as 
foramg^n^^^B^SfCepnonOotne^marginal tipe, the tree central 
column o^ matuie oYories being r<>garded as a product of the re<-eptaele, 
independent of the carpels. But the dissepiments exist in the eatlv stages 
of development, and art' tom away during the cl^nsion of the' oi arv: 

fcssity to assuiue the indepe«wnt origin of the pla- 
Jossoina of plants of this Order do not decide the 
question, since these* Have been found with soally independent gMtWB of 
Ae ovules from the of tlie ovary, and witli ovules develojied upon 
the margins of the tarp e^s. _ 

tHatillmtlon.—An OriBMiViHting of several genera and a lai^ie number 
of species, fcr th^ ipoat nart natives of lemneiwte and cold ^dimates. extend- 
to retfiuili ttua lo almobt tnellbxti«me limit attained by 

flowexuig plemtB on inountainn. 
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Qualities and Uses. —The plants of this Order are generally devoid of 
active properties—some of tnem containing more or less of a dclcterions 
prineiple, calhid Snpomtie, as Saponarm, Agrmtetnnut, Silime, See.', and 
(ri/pmiMa ^ruffiiutn, the Egyptian Smp-root, derives its name from its 
siipouaeeous properties; this substance is generally most abundmt in 
the roots. Tne genus Dmdhm, of Pink, is remarkable for the beauty of 
its flowers; J). hurbatm is th(> Swcet-W’illiam; J).phimarius is the parent 
of the vurietie,8 of GaWen Hnk; 1>. QanjophfUm (tlie Clove-JPink), of the 
Carnation and its varieties. Lyehnu and SHene also afford handsome 
garden plants. A large proportion of the plaiits of this Order are insig¬ 
nificant weeds: one of tliein, Hpurrey (Spergula sometimes 

grown as an agricuftoml crop on poor soils, for feeding Sheep. 


\ OitDisR XXTV. 


Order. 


I All. Mnlvales, ImiV. Cok Malvales, 





381. 2)»ff/7«os;s.— 
often covered with soft down an 

and corolla convolute in mstivatidn ; stamens n____ __ 

delphous in a tube wiichis^hcrent bolow to the short claws of 
the petals; anthers Fcellfiar 

Charade^ 

Caly.v: sepah 5, rarely 3 or #niore or leas united helouf Igisig 


>TTi [g< ■Jlgftl Mti 0 w:»IW 


equal in number to the sepalff hypogynou# 
^^^in spstivatioj#froc or adherent to the tube fixe stamens. 
/?fflm«Srindcfinit()Pmjjj|gdeM{ju^hy^^ perfect; 

hj^le^jFKidhcy-sna^^hSsnng across. , 

Oiwr^Tarpeh several|paeh forming a oell aronnd'a central axis, 
either coherent into a comMund ovary, or distinct; 


mH 




stujmas van 

Fruit : a scvoral-eellcd capsule, or a colle ction of separating indc- 
hiscent cocci or of follicles, the carpel?!- ormany-Beeded; »etdi 
with little or no albumen, embryo curved, jo^^edoasgjjl^^gSiS* 
oily, testa sq^gliMaJMiii^ 
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vIl.tTJSTBATIVIi GbNEBA. 


Tribe 1. Mai.vbab. Herbs or uu~ 
dershrubs. filtaminal cotunin autbedf- 
ferous to the top; styles as mmierom 
as <Ae eeVs of the ovary; ripe carpels 
seceding from the eobtmdla. 

Mnlope, L. 

AlthHM, L, 

Malvii, L. 

.. L. 

'Wbp 3. Uhbnejb; Herbs. fUa- 
minal eotmim desfiftdr of anthers at 
the top; styles twice as many as the 
ceUs of the orary; fruit as in Tribe 1. 
I’avonia, i. 


Tribe 3. I1ibisce.b. Herbs or 
vndershmbs. Styles as many as the 
carpels; fruit syncarpom, capsular, 
ITibiscua, L. 

Gossypiuiu, X. 

Tribe 4. Bombaoea?. Trees or 
shtfibs. Sfantinal column divided into 
li or more divisions, each icith one or 
more anthers; ,styles cemfluent or 
efjual to thewarpels; fruit A i /« eg r » 
{Mus, dehiscent or indehiscent. 
Adiinaonia, X. 

Jiombox, X. 


Efflnltiea^—T 


I'Tio « /»ntnT^nllTll^ ' 

form of live fluI^iiDeTeles^np pnniorJial ntnniciia: fitwii th(! sides of 
these are giibsttqnently developed others. Thea|^hm||^j^jlygulariiiJ^ 

vacenrW^cIoaS^ament^^maS^SJJfflSJSSESZEjnJHSE 

cially to the first two, by the prneraRmietJirf^iKnm^MmitioinJraK! 
■f4wU«wa4illiimHUaMpp>bMaAaMiHe(l*itaebrrH from all three : to 
the tju^uanMialatidadiy the monndelphons stamens, twisted 

ffistivaiionoMmi corolla, and the occasioiial sepiiratioii of the carpids from 
a central axis in the ripe fruit; with ^damace^ there is o. connexion 
through the epicalyx orcalycine involuc^imraH^onadelphons stamens; 
and somi points <if structure!, hut especially tht* properties, I’eseinble those 
of from which have the stamens more or l(!ss 

cohorfflt^ne.y may D^oiann^nshed by the valvate calyx. Mnlope pre- 
sents a^eiyjous condition of the cari)ols, |^hich m'e numerous and distinct. 


jj^umis of these plants appear first in the 


spec 

al^ 



Adatumiia or llaobah, 
great projecting butt 


and th(! Jlotnbax, the 
sesfromtheif 


is tough and leathery; and the pollen is gem 

the rest of -eu - 

Gossypium, 

Distrlbatlon.—A large order, with selMal 
^ecies; ll^LljttermjyjjgijJjdjmj^gn^^ t 


ter of which..jm)mice 
in this subdivision 


gen&Uy Miooth, notftpiim as in 
the rest of the family. The hafry seeds of thisfllib^vision recfflPTJuSe of 

Distrlbatlon.— A laige order, with sei^al ^neia and very numerous 


j|ino-nisl.inn>o>r«d..«1lv 


•TctTiinb wi f o . i M A iT . »!t arm s j7r!Ti«S!ri| ,Wa, 


orainary properties orTInWJider depend on 
the abundance of a bland especially in the roots, as in the 

Marsh-mallow fthe Fnmch rAowuMce) (Althtea offiewalis), the llownr of 
the H ollyh ock (A ttlura rosea), the common Mallow (.Vfffca st/lvestris), &c,. 
TBWMiffif df-gtB But the most 

scale-like leaves, usually O plants depend uponTFeiWHsues, namely the 
1 5 parted persistent; ^which in some eases furnishes laige quantities 
both imbri^d in msti^erce, as the Hibisetts cannabmus (Sun-hemp), 
or twice as^y. (listing of S^, &c. and thp hairs of the seeds of 
«i»^T.din g; capsule 3-valv^- 1' 0“' distmct species of uotton are sup- 
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porwd to exist, viz.:— G. hfrhaccum, the ordinaiy Indian Cotton-plant 
G. arhomim, the Indian Troe-cotton; G. harbadmse, t«» which the North- 
Ameriean Cottons belong, and the Bourbon cotton of India; and G. pvrn- 
ritiMiim or ammiruitum, I’ernamhuco or Brazil cotton. The setnls of 
Gon^npium contain a large quantity of almost colourless oil, together with 
a brown resinous substance containetd in special reservoirs, which colours 
(he expressed oil. (Bom- 

hi.r) cannot be spniniIt<n5vtton^u^M^i5eaio^tumn^ciisBiona \'c. 
The Ihm a p (I)iirio zihef/iiniix) has an aromatic edible fruit 
has imagreeahlo acid juice. 

ninny are cultivated 


stoves. 


OitJiEK XXV. BYTTNERI.iCEyE. The Chocolate Okdeh. 

C/asx. Coliiniuifone, Emil. AU. 'Malvales, LimU. Coh. Malvales, 
Jfenth. et Jlool;, 

“SS*. IUnffmm :—^Xrees or shrtihs, occnsionnllv climbers, witli alternate 
simple leaves and mostly with deciduous stipules; calyx 4-5-lohed, 
valvate; corolla altsent, or of 5 vaiiahle petals; stamens hwogynous, 
definite, and opposite to the 'f'etals oi twice as uianv, half stenle' (stami- 
iiodes), almost always in.«erted into ^cup or tube; luitbcrs 2-celled, 
iiitrorse; ovary sessile or stalhedi of 4-lo carpels round a central column ; 
embryo genenilly in a small quantity of albumen, cotyledons plaitcsl. 

Il.l,rSTKATlVF. GsimRA. 

Bvttueria, Ixiffl. .‘^caphopetalum, Maxt. ^felhania, Forxk, 
llieobroma, i. Bombi'va, Ciir, 

Affinities. —^Tliis Oitler is very near Sterculiaccm, with which, indeed, it 
is combined by Bcntham and lIooker,hut is distinguished by the introrse 
nnlhere, some of which are usually sterile; the same organs, being 2-celled, 
afford a distinction from Malvaccre, to which they at the same time 
approach; the nioniulelphqus stamens and the absence 6f^ disk remove them 
fi-oin Tiliaccm. Lindley thinks that the frequent absence of the corolla 
and the occurrence of sterile stamens indicate a relationship to Euphor- 
biacem. The staminodos repnisent certain portions of the ‘‘ compound ” 
stamen not antheriferous (see under Malvaceae). Sometimes thfi Ktaminode 
forms the terminelyorat other times a lateral lobe'ofthe primary stamens, 
which in these cases may be compared to a diggtate leaf. The slanii- 
node in some cases seems "to serve the purpose of collecting and retaining 
the pollen. . 

Distribution.— A small order whose members are natives chiefly of the 
tropics of both henrispherea *.. 

Qualities and Daos.—^Thesc plants wnerally resemble Malvacc® in 
properticis. Abroma and Dvmbtya furnish materials for cord^e; Gtutama 
ulmifolia (Brazil) has an agreeable, sweet, mucilaginous firuit. The most 
interesting Tnember of the Order, however, is the Theobroma Cacao, from 
tbe fruits and seeds (Cacao beans) of whidii chocolate and “cocoa” are 
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prepured. A spirit is also distilled from the pnlp of the fruit. Speeiea of 
nianv of the genera have been introduced as giwnhouae shrubs, but most 
of them are unattractive. Some of the species of Dumbeya are very 
ornamental. 


Order. 


lumnifewE, Emil. All. Malvales, IJmll. Coh. lilalvalcs,... 
EetUh. et Hook. 


.TSU. Diafinoxif. —Tr(>es or shrubs with allemate simple or compound 
leaves and free deciduous stipules; flowers it'gular or irregular, fi-eiiucnlly 
unisexual by abortion; calyx and corolla reseniblinif those of Malvaeciu 
or petals absent; stamens numadelphoiis or polyadelphous; autliei's 
2-celle^ and extrorse; caqiols 5, rarely .‘J, ,distjiact or coherent, often 
pedicellate; seeds very variable. 


Illustrative Oenkba. 


Trilx; 1 . Sterculiea?. Leures \ 
sinryle or palmute: Jkncers apetalom 
mul uitixe.rml hi/ ahnrtioH, 

TTeritieria, Ait. 

.‘'tereulia, L. 

Cola, Sf/iotl. 

Tribe 2. IlEj.inrEiiEJB. Learex 
simple; Jhirirx pei^feet; petals deci¬ 
duous ; staniiMoiles smill. 
llelictcres, L. 


Tribe .‘5. Freaiontie^. Fldircrs 
hermaphrodite; sfamem eon joined; 
anthers o ; staminodes rrantin;/. 
Fremont ia, Jlmik. 
Cheirestemon, Z. 

TribH 4 . TTkrman.vih.e. Flowers 
I hermaphrodite; ‘fwtals firrsislent, 
twisted in. wMiration; stamens di¬ 
stinct; stamimnles wanlinij. 
llermannia, L. 

Waltheria, L. 


Affinities. —The perfect, 2-celled, extrorse stamens separate the plants 
of this f)rder from the Malvaee.'e and Hyttneriaccie, the monadelphons con¬ 
dition from the Tiliacem. Tlie llelicterew are midway between Eomhacete 
and i^reulieee, and the Sterculicee form the transition to the Jlyttne- 
riacere. 

Many plants of tfcis Order are interesting in structural respects. Dcla- 
bechea (Australia), Erachychiton, and others have a trunk swollen midway 
between the ground and the crown of the tree, giving the appearance of 
a huge flask or bottle. Helicteres is so called from its twisted follicles; 
the pods of some SUrctdiea: open out like leathery leaves with the ripe 
seeds on their margins. The B}Kcics of Sterctdia and Cola are remarkable 
for the variable condition of their seed, some haring albumen, others not; 
the direction of the radicle with re.forence to the hilum is also dilTerent in 
different speciess' CdUt has often three or four cotyledons, or perhaps 
two, deeply divided. 

Dtatrllratiiin. —^An Order not very numerous in species, which latter are 
natives of the tropics. The Sleroulieee chiefly in India and Africa. 

QuailttM and TTses.-—Mucilaginous. StercuUa Trayaeantha yields the 
gum Tragacanth of SiemJjeone, S. wrens a similar gum; the seeds of 
all the species are oily, like those of Malvaceee; the same properties are 
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frpnwally diiTused. Stcrr»f{a fftiffntn and vtllosa yield fibres fit for cordape 
and -woven fabrics. Co/a aetimi/iata famishes the Cola nuts, greatly 
esteemed bv the negroes for their bitter properties. CJieironfetiion phiia~ 
mm/rx, the tland-plnnt of Mexico, has a remarkable-looking flower: the 
tube of the monadelphous stamens is split above and spread out, so that 
the anthers resemble live fingers or daws, while the curved stylo looks 
like a thumb. This and various other plants of the Order have been 
introduced os stove-shrubs. 


''QwDER XXVIT.’'jn['LlA(IhiiR. 'f fllTtilME OR liINDEN OrSER. 

C/wa. ColuniniferiC, Ead/. All. Malvales. Lmdl. Coh. Mulvales, 
Jii’iith, et Jlook. 


;1S4. Biatfnnith .—(rarely herbs) with alternate usually 

flowe^TC^ilur, hcmiaphrodite; calyx valvnte; pclaft 
irniHTearwnri aestivation ; sepaLs deciduou.s; stamens usually polya¬ 
delphous ; anthers 2-celled. 


Fig. 352. 


CJuiract-er. 

Cali/.r of 4-5 distinct or coluTcnt sepals, v.alvate in aestivation. 
Corolla oi' 4—5 distinct ijctals, imbricated or wanting. 

Staoirnx mostly numerous, hy]>ogynou8, distinct or 
luiited in ]iiire.cls, sometimes Bmronndcd by the 
eidiirgcd border of the disk beneatli the ovary; 

(inllirrs 2-eelled, d('hiscing longitudinally or by 
])ores. 

Orari/ single, many-cclled, composed of 2-10 carpels 
(soinefimes disunited) vrith the placentas in the 
inner angle (axile) ; omc/c« few or numerous; style Fniitof TiVm: «, 
1,8tigmas=tho carpels. ' 

Fruit Avy or Bucculent, Rorachmos saniaroid; many- iDgiffrtiionnd 
celled or 1 -celled by abortion (fig. 352). * 

Kmhnjo erect, in the axis of fleshy albumen, with flat cotyledons 
and radicle next the liilum. 



Illustrative Genera. 

Lnbea, Wittd. Trinmfetta, Rum. Grewia, Jtm. 

Cotchorus, L. Tilia, L. Elteocorpiis, L. 

Affinities.—The distinct or polyadelphous stamens, the 2-celIed anthers^ 
and the disk separate rtiese plants from their near allies, the Mdvacefe, 
Uyttneriacero, and Stereulince®. From, Cnmelliacere they differ in the 
aestivation of the cal 3 rx, and from Bixacese in the structure of the fruit. 
Various remarkable peculiarities of structure occur in the TOnera. Some 
speries of Aij>eiba are said to have_24 cells in thp fruit; Di^iphractum has 
parietal placentas -with spurious dissepiments in the fruit. The polyadel¬ 
phous stamens of Luhea, and of the American species of TiUa, which stand 
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in bundles before the peluls, are supposed to be inatniices of e/wriiax (§149). 
Limes are peculiar in the ndliesioti of the ilower-stalk to the bract. 
Grewia has glandular petals; El<e<K-arpH» has them fringed, in some species 
they are absent. 

Bistribnttou.—There are between three an<l four hundred specii's, per¬ 
taining'to tiiirty-tive or forty genera. Tlie Limes or liindcus ( Tilia) are 
trees of the northern parts of bulli hemispheres; but the rest of the Order 
are chielly tropicaL Trininfrffm aii‘ trojtical weeds with bur-lilfe fruits. 

Qualities and Oses.—The 'general preja-rties are tlie same as those of the 

European Tiliff furi.ishes tin* well-known Itussiaii ‘‘JjjLjtlLillLlltoii” 
various.s])eciesof furnish fibres in India, especrally ('. (iipmilarin, 

which affords “JujijJi" « fibi'<' verv eMeusively subdituled for heni]); 
(7. olitoriiin is usetnls a pot-herb, 'fhe berric's of fireiriii xajiidd, imiitiva, 
mid others are pleasantly acid, and an* u.sed^^^ing sherbet; amHhe 
nm-ies of some kinds of CurchoniK and of are eaten^A^arious 

species of Liiheu (Urazili and (rrcin'ii (lOiust Indies) fui^B^^ffliame 
timber. The Lime-trees of lOm-ojic ( Tiliii itiroftrtn, i/rinidifulid, and ;»«/•- 
vifoliu) are valued not only for their /wsMmt for their la'auty,tb(‘ir white 
even wood, and the fragrance of their blossoms. Alany of the lre))i<-al spe¬ 
cies, such ns Sjmrniiiiiiiiu nfricnnn, L7(//>/nBrt //jv-avnidrs. have been intro¬ 
duced as stove-shrubs. lIuHvliviiya Jicifuliu has large vhdet tiowers. 


OttDifiR XXVITI. DIPTERACEyE. 

dwttt, GuttifeiH', Eudl. All. fluttiferales, /imf//. Cnh. Guttifernles, 
Ueidh. et lltiok. 

aSH. Dlnt/nmif. —Large trees abounding in resinous juice, with alternate 
stijmgly feat lier-ri libel I h'aves and large convolute deciduous .stipides; 
llowers perfect, the calyx o-l(dM*d, hdies inibrieale, unequal, persistent, 
afterwaras cidaiged like wings; petals 5, liypogyuous; stamens hypo- 
gv'iioiis, indefinite, distinct, or slightly and irregularly polyntlelph’ous; 
anthers subulate, produced above; ovary siqierior, ;}-(;elled; fruit 1 -celled 
by siipjtressiou, l-.seeded, and .'l-valved or indohiseent, and siin'oimdod by 
thu enlarged caly.x, forming a crown above it; seeds uxolbniniuous. 

Ii.i.usTU.tTiVK Genkua. 

Dijiterocarpus, (liri-tn. Valeria, Z. 

Dryobalanops, (i<trtn. 1 Sliorea, Iloxh, 

(Lophiro, Jimilm.) 

Afilnitlea.—Tropical trees related to the preceding Orders in some re¬ 
spects, but in the imbricated calyx and in other particulars having more 
affinity to the Oliisiacen), from which they differ m the lestivation of the 
corolla and in the presence of stipules. Their loigc deciduous stipules 
resemble those of Muyiudia ; but the moat characteristic feature of the 
Order is the enloiged peijii.stent calyx, which forms long winged lobra 
crowning the fruit. _ &ime authors separate ZopAirn as the type of a 
distinct Older which is in some degree (as in its 1-celled ovmy) different 
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both from the Itipterocea) and the Olusineeio, but may probably remain 
among: the foniier. 

Distrlbatioii. —This Oiiler consists of ten or twelve •nmera, coinpriaingr 
upwawls of a hundred s])ecies. These plants are large trees ( r rai-ely 
elimbing shrubs of the. foi-ests of trupiud Asia. Lophira belongs to Sieriu 
Leone. 

Qualities and Uses.— The juices yield a balsamic rosin, of whoh various 
kinds are iinixirteil. ■Suinati'nn hard (lamphur is found in the form of 
concii'tions in lissuivs and cavities of the trunk of DripibaUiniipn Camphora ; 
the (.'ainphor-oil of Borneo and Sumatra is said to.be. the same sukstance 
inn fresher state. ’ iS7/oem roJwsto yields the IMioona or Dammar pitch, 
used for incense in India. Vafrrin iinlicn aflbrds the J’’iney resin or J’iney 
Daniinar of India, soinetinios ealletl Indian Copal or gum Animi, largely 
used for making vamisli. Dijitcrocarpm trinervis and otjier species yield a 
biilsam like (’opuiha. Lophirtt is called the Sei-ubby Oak in Sierra Leone; 
its dry corky biuk contains no resinous juice. 

(CiTLAENAOEAS constitute a small Order, consisting at present of a few 
shrubs, natives of Mmlagascar; i-elated to IMalvacero in having mona- 
del}llitms stamens and an epiealy.v; but the caly.v is imbricated in mstiva- 
tion. like that of Camelliacea! itc. Placed by Lindley near Oxalidaceat, 
lialsamiiiiiceie, Linaceus and Ceraniaceue.) 


VOudkrXXTX. TKRNSTRffi^IIACE.Tt: or CAXIEL- 
LI-ACEyE. The (.Uhellia Order. 


(tes. (luttifenc, JituU. AH. friittiferuh's, LvnM. Coh. Guttiferales, 
JiftU/i. li Hook. 


380. Dim/iioiiiK. —alternate simple leaves and no 
stipuh's; flowers regular, polymulraiis, hypogynous; s(‘pals and petals both 
iml)ricatcd in lestivation; stamens more or less coherent (1-, 3-, or 5- 
fulelphousj at the base, and ndheivnt to the bases of the petals; anthers 
2-celled; seeds few, sometimes arillate; albumen little or none; embryo 
straight or folded, with the cotyledons largo luid thin, oily. 


iDl.rSTBATIVE GkNKHA. 


Tribe 1. llnizoBOLEAS. 
Caiyocar, L. 

Tribe 2. Marcgraavitje, 
Maregraavia, L. 

Tribe 3. THitNSTncEMiK*. 
Temsti'ceiuia, Z.f. 


I Tribe 4. Saubaujeas, 
Sauraja, WiUd. 

. I , Tribe 6. (Iordonis;.®, 
(lordonia, Hllis. 
CamelliB, Linn. 
Tribe 0. UoNNErriA!. 
Kielmeyera, Mart. 


AfflnltlM, fto. —Temstruitniads differ fifom Tiixads in their many-celled 
ovary and want of stipules; from Dipterocarps in their calj-x, which is 
not accK'scent, their many-ceJlod ovarj', and watery (not resinous) juice. 
From TiHacete they differ in their imbricate (not valvate) calyx; from 
Quttifers in their alternate leaves, usually perfect flowers, long style, 
curved embryo, &c. From Hypericads they difler in habit^ foliage, an.4 
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inflorescence. Throiiprli Sattrnfa they are connected with the Ericaeeons 
(renus Cfethm and with THllen'iads. Eiiri/a establishes a connexion with 
Scmotacetr ; hut these latter plants have extrorse anthers. The tribe 
Marcffraarim, by some considered a distinct Order, comprises a tew 
plants differing from the rest of the Order in their aggregale flowers, 
introTse, basiti.xed anthers, ae-ssile stigmas, and specially in their very 
peculiar hom-like tubular bracts. The Hfiizolmlfre ai-e largci trees, with 
opponte digitate leathery leaves, with an articulated stalk, and no sti¬ 
pules ; sepals 5 or (i, niore’or less (coherent, imbricated; petals 5-8, inserted 
with the niimcrons stamens on an hvpogynous disk; stamens slightly 
coherent, in two circles, the inner shorter and oftdh abortiio; ovary 
superior, 4-.">- or many-eelled, with as many short styles and niimit<! 
stigmas, eaclncell with 1 ovule attached in'the axis;'fruit of several 
combined indehiscent l-si>eded nuts, with a large exalbuniiiious seed 
chiefly consisting of an enormous radicle with the cotyledons lying in a 
groove. The laigo pilmate h;aves of ('nryaenr resenible those of Ainculim ; 
but here the radicle, and not the cotyledons, forms the mass of the embryo. 

Distribution.—The Temstiwmiads constitute a i-ather large family 
distributed mainly in tropical America and Kastem Asia; very few are 
found in Xortli .Vnierica, and one species in the Oanaries. 

Qualities and Uses. — Some Skatrajan po8S<*ss emollient properties. Gnr- 
dom'ti is astringtmt. Tea^sthenro^ugyjifTJjajc^iyjlQjgi^; black l(>a and 
fwen t'-n arii produceauytnf^OTnepIant^neTRnemict^onsisting in the 
time of ]iicking and mode of prt.‘paratinn of the leaves. The stimulant 
propertii's of tea am due to the jn'escnce of a volatile oil and an astrin¬ 
gent prijiciple: the nutritive qualities to a nitrogenous substjuus' called 
theine. The Icavc's also contain ca«eine, which, being insoluble in water, 
•is not utilized by us: but it is stated that the Tibetans, after drinking 
the infusion, mix the leaves with fat and then eat them. 

_ Assam tea is the produce of a species, T. Axmnm'fi, a native of the 
district whence its name is derived.^ Camellia Sf^ganqiia is uscil with 
Glee fragram to give flavour and perfume* to Ohinoso ten; C. uleifera 
affords excellent salad-oil. Fresh-ra fheoiden is made into tea in Panama. 
The Maregraavias have diuretic properthis. The Sounri nuts of commerce 
are the separated Iruit-lobes of Carywar hutyromm, so calle<l on account 
of the oil m the seeds. The timber of this tree is highly valued. Many 
of the plants of this Order are in cultivation on account of their handsome 
flowers,_anch as the CamdlUi, of which many hundred varieties are grown, 
Gordonia, Sfnariia, &e. 


Obder XXX. CLUSIACE^ or GUTTIFERiE. 

The Gamrooe Order. 

Class. Guttiferse, Fndl. All. Gnttiferales, Lindl. <W». Guttiferales, 
FeTtih. et Hook, 

387. -Tmes or shrubs, occasionally parasitical, with resinous 

juice; opposite, coriaceous, exstipiilate, entire feaves; flowers axillary or 
terminal, perfect or diclinot^ by abortion; sepals imbricated in 2 or more 
decuBsatii^; paint usually persistent sad petaloidtonetalB hypogyiious, 
isomerous with the sepal^ sometimes confounded with them; stamens 
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hvpogynous, numerous, distinct, or in several parcels, rarely definite, 
filninents of various lengths; anthers odnatc, not beaked, sometimes 
1 -culled, opening by a pore or transverse slit; disk fleshy, sometimes 
r)-lob(>d; ovary siip'rior, 1- or many-celled; stigmas seasil'e, pebate, or 
radiate; ovules solitary or few on nxile placentas; seeds froq^uently with 
an aril, without nlbimicn. 

Il.Ll'STKATlVK GENKHA. 

Clusia, L. Xanthochymus, Ittuh. Calophyllum, L. 

Garuiiiia, L. Gamboiria, L. 

Affinities.—This Order is related to the Tlypericaceffi in many respects, 
but may Is' distinguished by the tree-like habit, the leathery leaves with 
articulated stalks, the teiidencv to a liinary arrangementeof the floral 
envelopes, the .seeds usniilly solitary in the cells of the ovary, &c. The 
genera with o-nierous llowera, Arnuhn, Mormi6l)a-a, &e., form a connecting 
link. The i-ebitionship to Temstreomijuls has been alluded to under that 
fanwly. The CUmte aiv deseribed as TOirasitieal, overgrowing other tn'es 
and killing them; perhaps, however, they are nieroly epiphvtic, like Fivm. 

Diatrlbation.—The gniera ai*e about tw('uty-fiv« 5n number, comprising 
souk' two hundn'd and fifty specie.s, distributed throughout the tropics, 
chiefly in South Aniuidea, but some in Africa. 

Qualities and Uses.—An acrid juice, forming a yellow gum-resin, with 
purgative projM'rties, is one of the most striking cliameteristics of this 
Oi-der. The various kinds (d‘ (iamboge arc' the most familiar examples of 
this substanee; but from which spctcies they aio derived appears to be 
doubtful, (k'ylon gamboge is said to bi' derived from Camboj/lii Ontfn 
(Jfelirmiciiilniii CnHihoi/widm, (Trail.): the Pipe-gamboge of Siam from 
O'lirciiiin eiietiiii-rfiiiieiifiii i Goorg gamboge is also from a Oarnniax 
(m. clllplirti furnishes the gamboge' oi' Sylhet. The species of Chma yield 
a useful i-esinous juice, as do those of Calophyllum, C. CVrfuirt ftiniishing 
tlie I'last-Jjidiaii rccsiu called Taeaimihaca. PeutarJestna hityraeea, the 
Ihitter- or Tallow-trc'c of SieiTa Leoiie, is so named from the yellow fatty 
substance which exudes from the out fruit. Although the resinous juices 
are usually so netive in tlieir properties, tlie fndts of various Clusiaeese 
are not only edible, hut highly prized for their delicious flavour, llic 
Mamuiee Apple, or Wild Apricot of South . Vmerica, is the fruit of Mammea 
nfnratm-, the juice of the flowers is fermented and distilled, and the sap 
is miule into a kind of wine. Tlie celebrated Mangosteen is the fruit of 
(Jnreima Manyontami (native of Midaeca); other species of Gareinia, ns 
G. wdmu'ulata, vnraea, &c., have edible fruits. Chma flam is called the 
Wild Mango, or Monkey-apple, in Jamaica. * 


V Ordbe XXXI. HYPERICACEiE. The St. John’s Wokt 

Ohdek. 

Chtss, GuttiferaB, EnM. AV. Giittiferales, Lindl. Coh. Quttifemles, 
BitUh. at Hook. 




without stipules; re^ar nenuapuroOite llow^ the petals xnosuj oDlique 
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or conyolntod in the bud; the many or few stamens polyi^olplions, some¬ 
times with frlands between them"; capsule 1-celled, with 2^ parietal 
placentas and as many styles, or 3-^-ceIled by union of the di.«epiment8 
in the centre; dehiscence septicidal ; seeds numerous, exnlbuminous. 

Ielurtbativu Geneka. 

Hypericum, Z. | Pamassia, Z. (aberrant form). | Vismia, Vellie. 

Affinities.—^Tliis Order is not distantly removed from the Oliisinccn'; but 
the habit, the henmi])hrodite fl<iwers, usually distinct styles, the want of 
articulation of the pcdnncli's and petioles, the nnmefous seeds, and the 
5-mcrous floral envelopes ^rcnerally alfonl distinctive marks. Prtmi 
Temstwemhu^ they dilli'r in their cynioso iuHorescence and opposite 
leaves. The dark-coloured glands on the liorders of the petals are very 
chnriicteristic here, ns al.so the polyadelphous stamens, which are some¬ 
times regarded as instances of r/wnm (§ 141*)t which mon^ probably 
are compound .stamens. The arenas I’ltninnsin differs from the ri’st of the 
Order in its alternate leaves an(l the stifrmas opposite the parietal placentas; 
but in some sp(>c.ies of Jlifpm'rtoii the axile plnomtas become drawn apart 
during the ripeniup: of the .seed, and .show their really nuirpnal orljrin ; 
and the ;rlan<ts on th<( petals of Pttrnanxia are prohably ivlatod to the 
bundles of stamens of Jli/jierirum. Paniamii is repanled by some ns 
lOiferahle to Itro.sernc(‘ie; it forms a link connectin^r the prc'sent Order 
with Cistace.'o luid, beinpr sometimes p<‘rifrynous, al.so with Saxifrapacece, 
with whi<'h latter •.touj), indeed, it is assix-iated by ilooker. 

Diatribation.—Tlmre. are a considerable number of species, distributed 
through H or 10 •.seiiera. The plants an; •renerally dispenscil throughout 
the tem])erate and warmer regions of the globe. 

Qualities and Uses.—Whim a yellow juice resembling that of Clu.siacoaB 
exists, it is more or Ic.ss purgjitive, ns in some American Hi/perica, and 
•still more in the species of Visiuia, which yield a gum-ri'sin like gamboge; 
that of 1'. i/innimisU (Me.xico and Surinam) is known ns .Vnierican Oummi 
Gutta. In the Kuropenn species of Ifiz/y-nfmitthp essential oil of the glands 
predominates over the yellow juice, and they ture .sometimes used ns tonics 
and astringimts. JI. Anrlroseemiim aud the many other native species have 
a strong and peculiar odour, c,sp(!cialiy when dried; ZT. hircinmn is foetid. 

fREAVMimiACK.® consist of a fewplants scarcely separable from Hype- 
ricaceas. They have shaggy seeds with a small quantity of albumen, and 
a pair of appendages at the hose of the petals. Ikmtham and Hooker 
remr them to Tamaricacem, from which they differ in .their solitary 
flowers and floury idbumen.) 


OauEB XXXII. ELATINACE/E. Water Peppers. 

ClasB. Guttifewe, Endl. All Tlutales, Lindl. Coh. Guttiferales, 
IfeiM. e( Jlpok. 

.,389. DioffmnAtrrilAtiib annual marsh iplantswirith opposite dot- 
less leaves and membranaceous stipules; flowers minute, axillary; 
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sepals and petals 2-5; oapsnlc 2-5-collcd, with an eqnal number of 
styles with capitate stigmas; seeds numerous, exalbuminous. 

Idlustuatutc Geneua. 

Elatine, L. \ lieigia, L. 

Afflnltim, *c.—^This little Order consists of a few species scattered all 
over the -world, generally acrid in charactw*. Their relations are varioudy 
regnitled hy different authors: formerly they were placed nejir Ahintxe 
in Can-ophyllnceo!, from which their niany-celled ovary divides them; 
they appear at least equally ndated to ll^erieaceto, from which they 
dill(!r in the presence of stipules and the isomerous ilowers; they come 
new to Zygopliylhieenj, as shown by I.indley, the ti-ansition being cHected 
through the genus Anatropa, 


Order XXXIII. SAPINDACEJE. Soap-worts. 


C7ff*s. Accra, UniU. AU. Sapindales, LinM, Coh. Sapindoles, 
lieniJi. et. llooh. 

# 

300. Diai/noHi'n. —Trt'os, shruijs, or rai-ely herh.s, with simple or com¬ 
pound alternate or oppositi' leaves; dowers mostly unsymmetricnl and 
irregular, the 4—') sepals and petals imbricated in lostivation; the latter 
oftmi provided -with a scale at the base ; the Ti-lO stamens inserted on a 
fleshy hj’jiogynous or perigynous disk; ovary 2-3-celled and lobed, with 
2 (rai-ely more) ovules in each cell; embryo mostly curved or convoluted, 
-without albumen. 

Ini.rs-mATivE Geneiia. 


Suborder 1. Sapindeas. Leareg 
iiltrninU-; oviihgtiwstli/gofitun/; etu- 
brtfo dirvetl or gonuimtes gtraii/ht. 

Cardiospermum, L. 

Paullinia, X. 

Bapindus, X. 

Oupnnio, X. 

Nephelium, X. 

Suborder 2. IIiitocabtanej®. 
Leaveg oppogite; ortdeg 2 in a Ml, one 
meendiiiff, tbe of her euspetided: em¬ 
bryo enrped, with large congolidated 
cotyledom. 


..-Esculus, X. 

Pavia, Uoerh. 

I Suborder 3. Dodoneas. Leareg 
i (dtemnfe; oruleg 2 or 3 in a cell; 
I embri/o gpirtd. 

I Kadreuteria, Lam. 

j Ophiocarj-ou, Schomb, 

' Suborder4. Meliosmeae. Leaves 
1 alternate; fiowers wry irregular, sta¬ 
mens f), only 2 fertile; omtles 2 in 
eaeh cell, both suspended; embryo 
folded up ; fruit a drupe. • 
Meliosnm, Endl. 


Affinities.—Some authors siqiarate the Jlippoeastanea- and make them 
a distinct Order, on account of the opposite leaves and the two ovules; and 
the MeliosmeeP on account of the im'gular flowers and drupaceous fruits; 
but these distinctions are esteemed insuflicient. These plants are nearly 
related to Aceracere, especially by the samaroid fruits common here: the 
niain distinctions are variable; lor the two camils, the opposite leaves, 
and the absence of scales on the petals and of an aril may be noted in 
SapindacesB: from Malpighiace®, which hav» samaroid fruit, they are 
distinguished by their unsymmetrical flowers. 
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The peculiar convolution of the embryo is a very marked character in 
many of the Banindacem, and is very curious in Ophtoearjfmi, the SSnake-nut. 
The wood of tlie stems of som<> freiiera, such as Sa/nudm, PmiUlnia, &c., 
presents anomalous conditions from the distribution of the tibro-vasenlar 
structures into s<>veral pToups, so that tin; tninks have a number of false 
•woody axes besides that sunMiindiua: thepith.all enclosed in acommon bark. 

Distribution. —The members of this larpre proup are natives of the 
tropics, especially of South America and India; some occur in North 
America and other temperate K’jrions; the Horse-chestnut is only 
naturalized in Europe. 

Qualities and Uses. —^The properties of this Order are very various. 
They take their name from the saponaceous principle contained in the 
finifs of species of Sapindm, S. fiiipmiana &c., which makes a lather 
■with water; hence the fruits are used for washing both in the East and 
West Indies; the Ilorse-chestniit, JEsculm Jli/ijMiraxt-atium, possesses it 
to a cfalain extent. The fruits of Sn/midux are acrid; and the juice of the 
leaves and bark of some species is poisonous, as are the seeds'of S. lume- 
ffitleuxix. The fruit and leaves of the American Horse-chestnut or Jluc.k- 
cye, JEseidm olitoemis, are said to be actively ■poisonous, while the st'ods 
of Ai. Jlipjtocastamim are given to sheep in l^witzerliuid. The Panljinias 
are very poisonous, from an acrid narcotic principle; yet P. xorfnlix fur¬ 
nishes in its fruits an article of food for thi; Ilrazilian aborigines, called 
Guarana bread. Other plants produce delicious fruits, such as the 
Chinese Litchi, the i.iongan and the Hambutaa, from species of Ac- 
pluiimn\ and the fruits of SrliiiiirMia etltdis (15r.azil), Afrh'cocca bifuffa 
(West Indies and llrazill, Pupjmi Ciiptiiiia xnpi'da, J'aulluiia 

subrotunda, SrhMchera trijtuja, Sajnndus escidiodux, &c. are all eaten. 

(SxArnYi.EArKA!, comprising a small number of species, wen; fonnerly 
regarded ns rcdated 'to Celastracepe, but are now plactA near Sapindaecie, 
from which they dificr chiefly in their stipulate, opposite, pinnate leaves, 
symmetrical flowers, albuminous seeds, and straight embryo...' They are 
of, little importance; tlic species of SUiphiileit a-re scatterecl all over the 
world. S. pitmata, the Bladder-nut, a native sliritb, has oily aud slightly 
purgative seeds. J 


OttDER XXXIV. ACEllAgi:.T^. Maples. 


Class. Acera, Emil. AU. Sapindales, Littdl. 


391. I>i(u/nosfs .—^Trcics or shrubs with oppo- 
siteleavoa,regular,un8ymmetrical,polygamous 
or dieecious, sometimes apetalous nowers; 
stamens on a fleshy disk (fig. 353); ovary 
2-lobed, 2-cellcd, with 2 ovules in each cell*; 
fruit a double samara, with 1 seed in each 
cdl; seeds without albumen; cotyledons 
folded, radicle inferior. 

Illusthattve Geseba. 

Acer, L. | Negundo, Ifosnch. 


J'ig. .363. 




Shimena and 
ovary of vtco-. 


Fig. tm 



Embryo f^Acer 
extriMtt4‘d from 
tbi* HCI^. 
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Affinities. —^Nearly related to Sapindacea:, and placed witli them by 
lleiilliain iinil Hooker, from which, however, they differ in their oppoaito 
leaves and petals witliout scales; allied also toMalpighiaceas, from which 
lh<>y differ in the abstmce (>f glands on the calyx, superior radicle, and 
other charactei's. 

Distribution.—The group consists of 00-70 species, natives of the 
temperate parts of Hurope, Asia, and Koith Amenea. 

Qualities and Uses.—(Ihiefly remarkable for the sap, fironi which 
.abuiid)uic(! of sugar is obtained' in spring, especially from A. mccharimm 
(North America). Their light ami hiuidsoiue tiiiiber is also valued for 
joinery Sic. The ^lark is astringent, and used in dyeing. A. campedre, 
native' Majde, mid A. pxiwht-J’htUtium, the Sycamore, are common trees 
in liritain. Xiyunih and vmious other kinds of Maple have been in- 
troducr'd from I^^irth .America on account of their beauty as ornamental 
trees, esjiecinlly in autumn. 


\ OiiDEK XXXA'. POLYGALACEiE. Milk-wokts. 

(%m. Polj'galime, EmlL All. Hapindales, Lindl. Coh. Polygalinea!, 

at Hook. 


392. DUtguonix. —HgjJjgOT^JjruJjgwith dtcmatej^xstimjlgtgj^sim- 
i)l(J[cavjja; im'guhir nemapiroait^owcrs; 4-8 diadclphous or mo- 
naunphous stamens; the anthers 1-celled, opening at tho apex by a 
jwre or chink; fruit a 2-oelled, 2-8ecded pod; seeds caruiiculated. 


Character. 


Cahjx ; very irregular, di.stinct, often membranaceous; 3 

1 behind and 2 in front, ^jo^jnJggSL^i—SSSSi 
I. nsuallv pcte loM 


Ci^QlfaX 

icrior. 


ivnmnKV 


1 anterior and large (IceeJ) and 2 pos- 


tweeri the tnngs and iiosterior sepal of the calyx, and 


often coherent with tho keel: sometimes 6, the additional 2 small, 
and placed lictween the wings and tho anterior sepals on each 
side ; the keel entire and tvith a fringe or crest, or 3-lobed and 
withont a crest. 

Htaniene hypogjTions, S, jgoherenthiaJjjJjg, unequal and ascend¬ 
ing ; the tube split ojipositc ike back sepal; or 4, distinct; an¬ 
thers clavato, 1-celled, and opening by a terminal pore, or 2- 
ceUed. 

Ovary componiid, 2-3-ccUcd, one coll always suppressed in some 
cases: omdes suspended, sobtary or twin; style and stigma simple, 

ifrfnPvw^isl^^i^y^r succnlent, sometimes -winged; j sprfg nendn- 
naked or with a hairy coat, a corujiclo next theTiilum; em- 


loum 

fm/o 


<ryo straight or nearly so, abundant albnmen . 
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iLIAWnATIVK (lENERA. 

Snlomnniii, Imut. Monnina, ife«s ^ Pav, 

Poly^rala, L. Seciiridara, L. 

Mundia, Kimth. Xantliophyllum, limh. 

Kranu'ria, Laffi. (?) 

Afflnttles.—The ndationa of the Polvgalacete have been a subject of 
much disi‘ua<ioii anionp: botanists, tlus irreiriilar corolla, somewhat 
papili<mam)ii8 in Puli/ffuta, has led to a comparison to lA'ijuniinosm, 
from which, however, they differ widely: nioroover the odd petal is 
anterior in Polypdads, not next the axis as in Le^ruminosiP. The irremi- 
lar petals, tofrether with the hooded sti},nna, have suffpested a relationship 
to ViolaeeiC; Kramvria has been referred by some writers to the ('ipsnl- 
pinoous division of the lieguminos.'e. Most authors, however, are apreed 
that the nearc'st affiuity is to Sa}*indacen3. Krameria is raised to the rank 
of a distinct Order by a few wrilei-s, on account of the different corolla, 
composed of o petals, 4 (often free) stamens, and 1-celled ovary. 

Dlstributton.—A larpe Order, nearly half the species of which are com- 
prisiid in the pemis PJi/i/alii and ai-e very penernlly distributed; the 
others are mostly confined to particular quarters of the plobe. 

Qualities and Uses.—'ITie plants of this Order 
acrid or astrinpent, with a milky juice in the root, liie common .\lilk- 
wort, P. ruff/nrix, and espi'ciaily the form called P. amnra, po.sseases 
bjU^ properties, but in. 1 ^ depriusaUuiihsA^lliillif'* North America. 
Soidamia nmum (Molucca) is said to be intensely bitter. Jhe more 
active species of Pili/t/ala have emetic, purpative, and diuretic properties: 
P. Sewt/a, the .\me.rican Snake-root, with 7*. miu/mim and purpiirea, the 
Cape P. Sci-jicnfaria, the European P, ehama^^m, and the P. endulti- 
mirfcs of the lliinalayas itc., all show this property; and dgjj^glglikjj- 
jjjgjjjUrejMe^jmtidot^mmij^^ P. tmmom (.lava) 

j^^ardeiryapmaonTTneproportieinieui^^iasi vely conce ntrated. 
P. Unctoria (North America) is ased in dyeinp. 'I'lic blfWfWe root of 
u^fll!i;ies"iif A/mnKfcMHntains a saponaceous substanffll^iHid'is uscd*for 
WBsliinp. Kramcrm triatuJra and other s pw aaii n a oll ^ llhatany, are 
remarkable for the powerful a-striupent qualitpi«£i4liM»atM||i^ich gives 
a deep red colour to an infusion. llhatany-viKit is used in medicine, and 
is employed also to adulterate Port wine. 


(TnKxf AmmACE-S! are a small Order of plants related to Polygalacem, 
but with a regular, symmetrical flower, valvate calyx, free stamens, and 
seeds hooked at the dialasal end. They may be regarded as repular- 
tlowered Pdlygalas. De4kwdoHe placed tlum'between Polygalacofc and 
Pittosporaceae. They are slight, heathy shrubs, growing In Australia; 
16 species, ate known, belonging to tljg^nera Tremandra, Telrtttheea,n,nA 
Platytheca. They derive their names from the porous dehiscence of the 
anthers, and are of no known use.) 
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Okdek XXXVI. MALPlGIIIACEili:. 

Class. Accra, JSudl. All. Sapindalcs, lAndl. 

303. Diaffuom. —Trees or slu-ubs, often climbers, -with usually opposite 
or wliorled, rarely alternate leaves; stipules {^uierally abort and cleeiduous, 
occasionally larj^e and opposite tbe leaves; Howers perfiict, orpolypromous; 
caly.v and corolla o-nierous, calyx vvitb glands at the laist! of 1 or of all tbe 
segments ; petals clawed; atanieiis mostly 10, often monudtdphouswith a 
tbickeniid produciid'conneetive ; cnri)el8 3, or very rarely 2 or 4, wholly or 
partly coherent, often heeled; ovules solitary in uit' cells, pendulous from 
iuu;r fuuic.uli; seeds cxalbuminous; embryo with mostly convolute thick 
or leafy cotylodona. 

Il.I,U8Tl(ATl\T? OkNEUA. 

Malpighia, I^utn. Nitraria, L. 

It^Tsouima, Itieh. Ihuiisteria, L. 

AfBnltles, ftc.—The closest relations of this Order are Sapindacem and 
Acerkcea;, from which they luvs disthifruished by their symmetrical llowei-s, 
and jrenerally by the glands in the calyx, the long stalks to the petals, the 
small di.sk, and solitary ovule. Some of the climbing kinds have stems of 
anomalous stnicture with several woody axes, without uunual rings, en¬ 
closed in a common bark, or ultimately more or less separated Irum one 
another. Sitraria, a genus of saline plants, is sometimes sepoiated as a 
distinct Order. The Order is a lar^e one, comprising many genera and 
species, which latter are mostly Tropical-.Anierican. Their properties ajv 
generally unimportant; many of them have been introduced into our 
stov»>s on account of their showy lloweis. The fmits of JtJnlpi</liia ijlabra 
and punieifoliit are eaten in the West Indies, luider the name of Ilarbadoi's 
Chemes. Munby supposes the sedative or semi-intoxicating diupe of 
Kilrana trUlentnta (North Africa) to have been the Lotus of the tuicieuts. 
The bark of most kinds is astringent; the hail's of some Malpighias sting 
powerfully. 

(EiiyTiiROXYLACEA^ are bv some authors separated from the Malpighi- 
acem on ac(;ount of the calyx liaving no glands, while the petals prisieut two 
membranous plates, on aiicount of their capitate stigmas, and the absence 
of a long funiculus to the anatropous ovule. They are closely allied to 
Luiaceee, with which, indeed, they are associated by ISimtham and Hooker, 
but difler in the presence of scales to the petals, their drupodeous fi-uit, 
and woody stum. They are shrubs, mostly Delonging to one genus, Urt/- 
throa-ylm, and found most abundantly in ilro/il j but a few are scat tered 
all over the globe. They receive their name frem the red colour of the 
wood of some kinds, such as ErpthroryUiu hypcneifoliutit (Jlauntius). 
Tlie most remarkable plant of the Order is E. Coca, the leaves of which, 
under the name of Coca or Ipadu, are largely consumed m I’eru mid in 
Equatorial .America, to produce a kind of intoxication; “ Coca ’’ is snid_ to 
enable tlio natives to go two or three days without food ; it is mixed with 
powdered chalk and chewed. Several species o^Erythrorylou are recorded, 
and two or three belonging to other Genera.) 
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Okdeb XXXVII. CEDRELACEiK. The Ebony Ordeii. 

Class, Ilesperides, All. Itutalos, Liitdl, Coh. (Jeranitdes, 

Beiith. H Ilooh. 

394. Diagnosis .—^Timber trees -witli alternate, pinnate, exstipulute leaves; 
calyx and'cerolla 4-5-meroii8; stamens 8-10, distinct, inserted in nn 
hvpogynons disk; ovary with 4-5 cells or 3j ovules 4 or more, in 2 luws; 
fifiut capsular, the valves separating ii-om an angular colunui; seeds ilut, 
winged •, albumen thin or none. 

lLi.rsTHATiVK Genera. 

Swietenia, L. \ Mindei-sia, ll. Hr, \ Cedrela, L. 

AfBnities, &o.—Nearly related to Meliocea!, and included in that fainilv 
' by most ns-ent authors. The speci<(s ai-e distinguished chieHy by the In-e 
stamens and the nuinerous wingtid seeds. Chloroxghn imd Flindersiu 
have dotted leaves. The plants iui> most common in the tropics of Anierii:a 
and India. They have fragrant, aromatic, and tonic properties, and their 
timber is valuable. tSirirteiiin MahiMjuni is the Mahogany-tree ; its bark, 
and tliat of Cedrela Twma, fthrifaga, and otlu'r sjHfeies, art) used a.- sub¬ 
stitutes for Cinchona. C/doro.rgloii Hipietmin furnishes Hast-Jndiaji Siatin- 
wood; and im oil called Wcxxl-oil is obtained from it. 0.vleyu jeutUhojrylu 
is the Yellow-wood of Ausu-alia. 


Order XXXMll. MELIACEiE. 

Class, llesfierides, Endl. All, .llutales, Li»idl. Coh. Geraniales, lindli. 

et Ilooh, 

39 . 5 . Diagnosis .—Trees or shrubs with alteniate or somewhat opposite, 
simple or pinnate leaves, without stipules; flowera souietiines diclinous by 
abortion; calyx and corolla 3-, 4-, or .'i-nierous; stiunens twice ns man}', 
coheient iu a long tube; anthers sessile in the orifice of the tube; hvix)- 
gynous disk sometimes cup-like; o\ ary com])ound, few- or manv-ceiled ; 
stylo 1; ovules 1-2, raraly 4 in a cell; fruit sncc.uleut or capsular, often 
1-celled by abortion; seeds not winged; albumen fleshy or absent. 

Il.LUSTUATlVK GkNERA. 

Mclia, L. Guarea, L. 

Lansinm, Humph. (.'arapa, Aubl. 

Affinities, Ac.—Nearly related to Cedrcloccae and Aurantiaccic. A inon* 
distant affinity is with ^apindacoio and Itutace.'e. The species art* nume¬ 
rous, and are tbimd In the hotter parts of the globe generally; they pos-sess 
bitter and astringent properties; some ai'e powerfully purgative and 
emetic, such as (Suarea AuMetii imd Irirluliotdes, Trichilia emefiea, &c. 
Melia Asedararh, the Neem-tioe, or Margosa, of the I'lnst Inilies, is sup¬ 
posed to have febrifugid properties; its succulent pericarp yields an ofl; 
and a kind of toddy is obtained by tapping it. Cnrajrn gmneettsis yields a 
purgative oil, which is used aW lor lamps. Zatmum, a genus of tile East- 
Ind^ archipelago, yields an edible fruit called Langsat or Lanseh and 
Ayer-Ayer. 
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Oru^^^XXIX. AUllANTIACEiR. The Oeanoe Order. 

Clang, Ilcaporidos, JSudl. All. Sutales, Idtull. 

.•JOIl. Diai/Moshi. —^Thh-'s or shrubs with smootli, frluiidular aiteruate 
Ipavus, tlu! bhule jointod to the ^petiole; flowers i-egular, heruiaphrodite, 
;Vr>-nH‘rous; petals and stamens inserted on an h vpogyuoiis disk; stamens 
with flat liluments, distiiiet or coherent into oue'or wn oral parcels; ovary 
many-<-ellcd, style single, terminal; fruit pulpy, olb*n with a glandular 
leatheiy rind; seeds without albumen; embryo* witli thick fleshy cotyle¬ 
dons and a slioi't rntlich; next the hilum. 

ll.I.USTnATIVlO (lENKRA. 

Triphasia, Lour. Cookia, Soiuwr. .'blglc, Curr, 

Itissoa, Arn. I'erouia, Corr, Citrus, L. 

llergern. Kwh, 

AfflnltieB. —^I'lie plants of this f Inler are bv Ikjntham and Hooker classed 
as a tribe of IMacew, and arc- nearly relateii to tlx; Meliaceio in tlu! strue- 
tim- of the llowt-i's, and still more olasely to Amyridataw. In general 
they-aro distinguishable by the dotted leavtis, with the blade ("simple or 
compound) artieulaltid to the petiole, the deciduous imbricated petals, 
and the succnleul fruit. The relation to Ihitaceu! is reudercid cleai-er by 
occasional nionstnisities of tin* fruit, from whicli some of the caiiiels grow 
out like horns. Sometimi-s a second circle cd' ciu-jads is produced, forming, 
as it wei-e, a double conei'iitric fruit, coinpm'able in some measuii! to the 
conditions in the Pomegranate, where, however, the whole fruit is en¬ 
closed in the excavattcd n.'cojdoelt'. The st-eds of Orange.s often contain 
two embryos; and they arc- remarkable for the development of ramifled 
collections of spiral vessels at the chalazal end, within the testa, also for 
a peculiar eoloratiou of tin- inner coat of the seed in this situation. 

Diatribution.—Chiefly ICast-ludian plants, but diflused by'cultivation 
throughotil the tropics, ami even in tlie warnijer temjx'ntte regions. . . 

Qualities and Uses.--The most remarkable parts of these plants are 
their fruits; thos e of the gi-mis Clfriix la’ing among the most valuable and 
bestslmontPUl' llilfWitjd fruits. 'J'he species of Cdrun are not cleai'ly de- 
flned, much'dTttbfWfce of opinion existing as to the speeifle distinctness of 
certain forms, which, as in most cidtivaUid plants, ai-e WRltlt “cemftise* 
C. Attraiiliutii is the common .Sweet thunge; C. Jiu/aratlia or 
the bitter or Seville Orange, seems to be known only in cultivation, and 
is supposed by some to be a viuietv of the prt-eeding. V. lirryamia is the 
Mellai-usa or Ilergvmot (hunge, wliieh is also regnnled ns n vJUiety of C. 
Ltmetfa, the cultivated Sweet Lime; C. arida is the Kast-lndian Lime ; 
C. Ltmoiiium is the ordinary la^mon; C.jMmia is the Sweet Lemon, cid- 
tivutijdJuyjJl^kuiiiyjO*Iurope; C. medioa is the Citron; C. di-euiitnua is 
the ShaiUlock ^T^Wadigl the Forbidden-fruit; C. 
pebuooso; and C. Japonini the Kumquat. All these h-uits have an 
abundant pulp, which varies chietl^y in the degree of aeiditv luid the 
peculiar aroma; that of C. liiyuradia is also bitter. The rind of all is 
Iragront, from the presence of imbedded glands containing essential oil of 
aromatic and bitter character; the flowers partake of the aromatic quality. 
The oil of Neroli jpjgJ^^ed &om the flower of C. K^radia ; but the oil 
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of the rind is also used for mahing Orange-flower water. Oil of Berga¬ 
mot is from the flower and rind of the fruit of C. Bergamin ; htdle de Ce- 
drat from C. medica ; the essential oil of the Lemon-rind is also largely 
used. The rinds are also valued for their bitter and aromatic properties 
when dried or preserved with sugar. The dry rinds of Orange, l.iemon, 
&c. are used as stomacliics in medicine, in infusions and tinctures; and 
are also employed in the preparation of liqueurs and cordials, such as 
Cura 90 tt &c.; the fruit, rind, and pulp, when preserved with sugar, form 
“marmalade,’' the best being made from the Seville Orange. The acidity 
of the Lime and Lemon depends chieflv on the presence of citric aidd, and 
renders them very viduable as antiscorbutic agents, ^gle ManiuJos has 
a delicious fruit, which, howevesr, is laxative. The rind is used as a ver¬ 
mifuge. Cookiti puHclata yields the Wampee, highly valued in Chinn and 
the East-Indian archipelago; and the fruits of other plants of the Order 
are eaten. The wood of all the trees is hard and comp.act; the foliage 
shares the frogi-ant character of the fruits, containing abundance of glands 
filled with aiuinatic, bitter essential oils. The Orange, Lemon, and their 
varieties are largel 3 ' cultivated in the South of Europe in the open air; 
and in our conservatories they are everywhere prized, lM>th on ac(;ount of 
their strildng appearance when in fruit and the delicious perfume of the 
flowers. Orange- and Lemon- trees are wonderfully prolific of fruit; and 
the plants retain th(!ir vitality with gniat obstinimy when taken from the 
ground and transported to a distance, and when tliey ore multiplied by 
cuttings. 

\ Order XL. LINACEiE. The Flax Order. 

Clasf. Gruinales, Endl. AU. Geraniales, Liitdl. Coh, Geraniales, 

■ Berdh. et Hook. 

SQliButgnom. —Herbs, or sometimes shrubs, without stipules; with re¬ 
gular symmetrical hermaphrodite flowers, 4--i)-mereus tliroughoiit; calyx 
imbricated; petals convolute in mstivation; stamens 6, coherent at the 
base, often with intervening sterile stamens; ovary compound, of about 
as many camels as tliere are sepals; stvles distinct; ^nmjjinaiiy^Ue^ 
each c-ell divided more or less perfectly into two byjPm^|re5mm_Sm 
ench compartment with one sued, htmngamraiglit oily 
and with, or rarely without, albumen. 

Illdstbativt? Genera. 

, Linum, Z. | Badiola, BiBen. 

AlSnItiea—^Most nearly related to Oxalidacem, but likewise connected 
with Caryophyllacem, Malvaceoi, and Geraniocete by the general structure 
of the flowers, the coherent stamens, &c.; but 

the ]||mliai [ structare of ■tl)ewi]^iil£ are very disnncUv^narB^From 
Malpigniacefc they mfler in their glandless calyx. 

Distrilmtlon.—A small Order, generally' diffused, but most abundantly 
so in Europe and North Africa. 

Qualities and Uses .—Zimim catJiaiiieum, a native weed, has active 
putative properties; but the most important plant of the Order is Z. 
luitatusimum, the while the seeds. 
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known as yield a most valuable dryinp-oil, and their cake forms 

an cxeellentmiit^al fur fattening cattle. 'I'hu flowers of many species of 
Linum are very showy (blue, yellow, pink, &c.), but are mostly fugacious. 


OederXLI. OXALIDACEyE. Wood-Sobkels. 

(.Hass. Gruinales, E)idl. All. (leraniiiles, Liudl. 

308. Dtaffnosis. —Herbs, or rarely shrubs or with an acid ^uice; 

regnhir, symmetrical, hermaphrodite, fl-merous 
lIovvu7^ctny5niiuInei«cd, and petals convolute in icstivalion; afaune^ 
lj2ynna^£lm^um|j||M^^ styles.'). separate; cap.sule 6-cellud,SeveraI- 
Buegeu^^^^^bu^S^^^mbryo straight or cuned. 

■ lEI.TTSTnATIVE (iKNEBA. 

Oxalis, 7j. I Arerrhoa, X. 

Affinities. —Nearly related to Gernniacete, with which Benlham and 
Hooker unite them, h’rom Liuiu'C'ie they iii.ay generally be distingui.shcd 
by their eompomid leaves and albuminous seeds; but the septa or the 
capsules of that Order afford the. most constant distinction. The seeds of 
Oxalis have aii elastic fleshy coat, w'hich opens with elasticity and expels 
the seeil when ripe. Some regal'd this ns an ai'il, others as a development 
of the testa. The leaves of many kinds are sensitive, especially Oxalis 
samitipa and Aeerrium Jlilimbi ; but others piiasess the qtinlity in lower 
degi't'e. O. biipleari/olia imd some other speeie-s have phydlodes t § 71). 

Distribution.—A rather large Order, the members of which are gene¬ 
rally difl'iHed in most abumlont in America 

and at the Gajie oTOoo^HojierThesnriibby kinds belong to hot climates. 

QnaUties and Uses.—The moat miirked properly of (kralis is the acM 

S depending on the presence of oxalic mud. O. Acetastlla, Woott- 
, alsninds in our woods. Arprrhiia HUimhi, the Hliiiibiug, A. Ca- 
rnmhola, the Garambole of the East Indies, have iuud fruits, which aVe 
eaten by the natives, but used chiefly ns pickles by Europeans. Some 
species of Qxalis .hMP tubers fnruisliing wholesonie food. O. creimta 
(Arrococha). is used like polatoe.s in Columbia; O. Dup/tei has roots as 
large as small parsnips. The tubers of O. aiithclmiutiett, the Miteha- 
mitcho of Abyssinia, lU'e said to be valuable os on anthelmintic. Many 
kinds are cultivated on account of the beauty of their flowers. 


Obdeb XLII. GERANIACE.iE. * Cbane’s-bills. 

CHass. Gruinales, Eudl. AU. Oeraniales, JAndl. Coh. Geranialcs, 
JinUh. et Hook. 

399. Diagnosis .— ^Herbs or shrubs, with articulated swollen sfiein- 
joints; opposite or alternate leaves, and membranous stipules; regular 
or irregular, symmetrical, hermaphrodite, .^-morous flowers; sepals 
imbricated and petals convolute in aestivation; stamens mostly 10, co¬ 
herent at the base, the alternate ones shorted and sometimes barren; 

X 
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carpels 5, adherent to a central prolonged axis (fijUjjBphore), from 
which they separate when ri 2 >e by the clastic curling-back of the 
segments of the style, carrying away the 1-seeded dehiscent cocci. 


Chamber, 

Cah/x: aepah 5, ribbed, p<^rsi8tcnt, more or less unequal, imbricated 
in the bud. 

Corolla : petals 5, or rarely 4 (by abortion), clawed, 
equal or unequal, twisted in sestivatiou, s ometimes 
^uerjgiyiious. ~ 

ISmmens mostly monadelphous, hypogynoqi^Jjijltiij^ 
some occasionally abortive. ^ 

Omry of 6 carpels cohering with their long^styles to 
an elongated column from the apc.x of the recep¬ 
tacle, each 1-celled, 2-ovuled; sta/mas distinct.. 

Fruit coniiKJscd of 5 l-secded carjKds, which sei)u- 
rato below from the central carjioidiorc (fig. itiV)), 
their jawsistent styles curling nj) and remaining 
attached at the snnnnit; each carjtel bursting iii- 
teniallv to discharge its seed; si-ed exulbuminous. Fruit of nc-umuw. 

* 1 j 1 1 with thu uan«‘l« 

With a convoluted erntnyo. auhimvui. 



Ii,i.i;sTnATivK (1 nxEitA. 

Krodium, IlerU. Monsonia, L. 

Cleianium, IMoL- 

Many jioints of aflinity exist with Oxalidoeesc, Tanocen:, miu 
lialsaminHCc.'e, likewi.se with TropteolactMC, and, hws iuqioriant ones wi.th 
ZygophylliM-oas. The aiTangcmeut of the ciu-pels round a coluinu, the 
paiiuato leaves of some kinds, the inonadclnlious stamens, and the con¬ 
voluted embryo cau.se a good deal of rcscmolancc to some of tlie Mul- 
vaceie. The peculiar fruit, the stipukss, the swollen joints of the stem, 
and the convulutcd enihryo separate this (trder from the nearest allies; 
li-om Malvacca; it may lie distinguished at once bv the imbricated wsti- 
vation of the calyx. Pelaryonium is I'emai'kahle for a spur or pouch cx'- 
tendiug from the base of the calyx and adluinuit to the jicduncle. Most 
of the }>lants have aromatic oil contained in glandular hairs, giving a 
musky nr.other strong odour. 

IHstrlbation.—The species are numerous. Geranium iuid Erodium 
belong chiefly to the temperate parts of the Northom llemis^ihcre. 
Petargomum abounds at the Oape of Uood Hope, and occurs in Australia. 
One species is found in Asia Mmor. 

Qnollties and Uses. —Astringent and aromatic properties are general. 
The common weed G. JRoberfianum, had a reputation formerly, and the 
G. maeuJatum, or Alum-root of 4j[prfh America, is a powerful astringent, 
containing a large amount of tmnin. The species of Erodium which 
emit a musky odour are said to have fdmilar propertiea Some have 
tuberous roote; that of Petargmium triste is eaten at the Cape of Good 
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Hope. The Bpeciea of I^ri/mhmi ure remarkable for the beauty of their 
tiowera, which are more or lesa irruprular oud apuired, aud have ^reat sus- 
ceptibilily of improvement by cultru’e, and a tendency to run into varieties, 
rendering them established “ llorist’s flowers.” Many of tliem have zones 
or bells of colour in the leaves. The species of Ocranium proper have 
regular flowers without spm’S. 


Orbek XLIII. BALSAMINACEyE. Balsams. 

Class. Gruiuales, Jindt. All. Geranialea, Lhull. 

400. Diagnosis. —Annual plants with succulent stems, full of bland 
watery sap; flowers hermaphrodite, very irregular; slamens o, somewhat 
uuited; the fl'uit mostly when ripe. Embrvostiaigl^ 

exidbiuuiuouA 

llAt'STnATlVK (iKNERA. 

Impatiens, L. \ Ilydrocera, Blmn. 

Afllnltles, &C. —This Order is nearly related 1 o (i ernnine-ea), and is included 
in that family by Ikmtham and Hooker, but may be distinguished by the 
want of the peculiar carpopliore of that l''amily,'and by the much greater 
iiTegiilarity of llm flower; the irregular flower also sepiuates it from 
Oxalidaceio aud other allied (trdiirs. This invgiilar flower does not really 
de])art widely from a symmetrical condition :~it is completely O-merous, 
except in the su]»pres8ion in luigafiais of the ptdal opposite tlie bract 
(which is developed in llydrovera ); the two small hiteral st pals, the spur, 
and the dotdde segment on the opposite side to the spur form an imhii- 
cuted eal\x of live parts; the odd petal opposite the two confluent sepals 
is supp:e.ssed, and the others art; generally combined into two 2-loDcd 
bodie.s, but are sometimes live; in single flowers the stamens alternate with 
these ; in double cultitated llowers a second corolline ciivle of live petals 
sometimes appears in the )ilace of the stamens, and the stamens alternate 
i^ain with these. 'J’lie structure of the ovary and its mode of dehi.scence 
are also deserving of notice. T.he name of the genus Imjmlmts is derived 
from the elasticity with which the capsule bursts when touched after the 
seeds ore ripe. The species are rutiier numerous. A few aiv scatteivd 
over the globe; but the majority are Tiitst-Indiaii. Their properties are 
unimportant. I. Jialsamina is a valued tender annual plant ; 1. Nuli-me- 
tangere grows in the north of Knghind ; and 1. fulva (North America) is 
naturalized in some places in Southern England. 

(ViviANACiLS! are a small Order of South-American herbs or half- 
shi-ubby plants, ri’hited to (Jeraniaceie, but having a valvate calyx atid 
albuminous seeds. Properties unknown.) 

Order XLIV. TKOP.iEOLACEiE. Garden-Nasturtiums. 

G/osf. Gruinales, Btutt. AU. Malvales, LiniU. 

401. Diagnosis. —Smooth trailing or climbing herbs with apungent juice; 
leaves alternate, exstipulate; flowers axillary, irregular, perfect; sepals 

M 2 
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3-6, the upper one spurred; petals 1-6; stamens G-10, perijjjnous, dis¬ 
tinct ; ovnry superior, of 3 or 6 eaipels; style sinifle; sti^rnias 3-6; 
ovules pendulous, 1 in each carpel; fruit dry ; 'carpels seimratinf; as in- 
dehiscent achenes from a central axis; seeds large, exalbumiuuus. 

iTArSTBATIVK GKNJtnA. 

Tropjeolum, L. \ Chymoearpus, Don. 

AfBnitim, he ,—A Small Order of plants, natives of the temperate parts 
of South America, related to MalvaeeiC and (.ierimia<!eie, and included in 
the latter Family by Bentham and TTooker. The geciiis Trojif/vthim con¬ 
tains the gai-den N.asturtiums, or Indian Cresses, notable for their pun¬ 
gent juice, somewhat like that of Criiciferie. Various species have a 
tuberojwroo^^hat of T. /KftgjjjjjyjyajjjjJjjjjjJjj-Peru. The spur of the 
f-'iSjx'SmVSfSSllum is curioiS^Semmin^nat of Prlarimnaiii, but J 4 
free from the peduncle. In some coses it would seem toli)e a tububvr 
process from the rtsceptacle. The flowers are mostly showy and of great 
variety of colour, llie Cnnnr_v Creeper, T. fwcffrhiitm or mhoirinn, iimy 
be noticed for the power of th<‘ fiill-gTowu jilant to oblaiu its nonrisliment 
apparently almost entirely from tho atiuospheiv', and for its climbing by 
twining its jM'.tioles, like Clewalis. 

(Limnantiiaoba!. a small Onlcr of Xorth-American ])lants. are chiefly 
distingoished from 'fropacolaci'a!, with which they lue associfited in the 
family GmnnmH'of by Jlentham and Hooker, by their regular flowers, 
erect ovules, and the adherence of the stamens to the caly.v. Their 
properties are analngou.«. Llimirntthcx (California) has showy flowiirs. 
Pkerkiu (Unihid States) is a mere weed.) 


Order XLV. ZYGOPHYLLACH.'li:. Bean-Capers. 

Clasg. Terebintliinm, Dndl. All. Rutales, Ziiull. Colt. Oeranialcs, 
Itook. el JlciitJt. 

40a. Diagnosix. —TTerbs, shrubs, or ti-ees with opposite stipulate, mostly 
imparipinnate, not dotted leave;-: enlyx and corolla 4-0-merous, im- 
bricahsl in aestivation; stamens twice ns many, hypogynous, (‘ach usually 
at the Iwek of a scale ; ovarv simjde, surrounmsl by glands or a tootheil 
dislr, more or less deeply 4-5-iobed, 4—5-celled; fruit capsular; dehisccncu 
valvular or into cocci; few-scAided; nlbiuucn sparing or none. 

Ii.LrsxnATivE Gknkba. 

Tribulus, Toumef. Zygopliyllum, L. Mclianthus, L. (?) 

Peganum, L. Larjea, Cao. 

Fagonia, Tountef. (I|^acum, Pltim. 

AOnltiea. —This Order is very closely allied to Rutacoffi (but differs in 
habit, the scaly stamens, and dotless leaves) through Pegamvm, which is 
placed here chiefly on account of its stipulate, not dotted, opposite leaves. 
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With SimanibacciB it a<rrces in the nttachinent of the stamens at the hack 
of a scale, but ditfers in the short styles. Melianthm is an anonialoos genus, 
which by some authors is taken as the type of a distinct Order supposed 
to have its nearest relations in Geraniaccjje and Sapindaceae. They are 
chwely ndated to Malpighiacea;, but differ in their glandless cidycea, 
scaly stamens, &e. 

Distribution. —The species are not very numerous, and are chiefly found 
in the wiirm h'luiierate regions of the glolie. ZygophyUmn and i'liltulus 
are especially characteristic of dry regions of Egypt, Arabia, and 8cinde. 

Qualities and Uses.—The so-callisl gnm-re-sin, (.tuaiacum, is derived from 
(huiiamm (iffipinak^Ww bark and wood of which are also employed as 
diaphoretic and siuloritic agents; O. xaiirtmn ha.« similar properties. The 
leaves of these and of Pvrlicra arc used in place of soap for scouring 
in the West Indies. The remarkably hard wood called Lignum VitiB is 
derived from (xmu'nmm officinak or some other species; all the arborescent 
plants of this Older have extrenndy hard wood. The flowers of Zygo- 
phylUtm Fahagu ore used in the East for pickles, under the nameof Bcan- 
enpem. The seeds of I’egimmn JIannala are used ns spice in Turkey, and 
also in the. prodncli:;n of i he celebrated Turkey-red dye for cotton. lAtrrea 
mc.rkiriia is knoivn by the name of the Creasote-plant. Zyg<g)hyllmn 
simplex has a veiy l«id odour. 


Ordek XLVT. RUTACE.!®. The Rue Order. 

Class. Terebiuthmoe, JEiidl. All. Ilutales, IJmU. Coh. Geroniales, 
Berdh. el Jioolc. 

403. Diatpiosis .—Herbs or trees with simple or compound exstipulate 
leaves, dotted with transparent glands contmning aromatic or acrid oil; 
flowers regular, .‘5—j-meroiis: the stamens equal to or twice as many as the 
s(‘pals; the 2-5 pistils separate or combined into a comimund ovary with 
as manj’ cells, sessile or raised on a prolongation of the receptacle (gyno- 
jiliore) or glandular di.sk ; style simple, or divided below; fruit with the 
carpt'ls either coherent or separating and bursting by one or both sutures; 
seeds in pairs or solitaiy ; albumen present or absent, radicle superior. 

Iia,i'STaATivE Geneda. 

Galipea, Auhl. Eriostemon, Bin&h. Borosma, WiBd, 

Ticorea, Auhl. (/om«a, Siatlh. Bictamnuj, L. 

Esenbeckia, 2L, jB., K. Diosma, L. Ituta, Timmef, 

Jioronia, Smith. 

Affinities, &C. —Tliis laige Order is sometimes divided into two, Eutacem 
and Jliosmetc, the latter including the greater part of the genera; but the 
distinctions seem insufficient—^tho Btinmieep, which have the separable 
endocarp supposed to be characteristic of Diosmees, having albuminous 
seeds like Rttlew. The Order is connected with Zygophyllaceai by Pega- 
num ; it is related also to Xanthoxylflcem, which ore perhaps merely poly¬ 
gamous Rutaceic. There is also an affinity withAurontiacesB (which diiier, 
however, in the fruit), and with Anacaimaceae. Correa, with its mono- 
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petalons corolla, aoems to approach EricaoonB, to •which the Hornnirm 
have much rosomhlopce in habit. From Siiiianihacea; and TcrchinthacciB 
Riitala differ in their plandnlar leavea and in the nature of the fruit. 

DiatrUmtion .—Rttfa and its allies are found chiefly in Europe luid 
North Asia: Diosinn, Bnro’mn, &c. at tiie Cape of Good Hope; liornnin, 
Enoxfemnn, &c. in Australia; and Oalijtea, Eneiifieekia, an<l their related 
genera in Equinoctial America. 

Qualities and Uses.— Generally remarkahle for a strong aromatic or foetid 
odour, and possessing antispasmodic and tonic properties. Aiurostuva 
hark is derived from Galincn officiunlm. and apparently from O. Cmparia 
(BonnUmilm irifvKafn) •. Melambo bark prohahly from some allied plant. 
The hark of Ti^etiberkia fphrif»<ja is used in place of Ginchona in Frazil: 
and that of Tienren fihrifuijn is another of the “ Qiiinos ” of Frazil. The 
Fiickn plants of South -Africa ari! species of Bnroxnw, Binmna, and their 
allies: their foliage, -which is extremely glandular, has a vert' strong 
odour; and I), erenatn. xemitiWfi. and othei-s are used as antispasmodic 
and diuretic agents. The leaves and unripe fruits of line' (Bnfn t/rareo- 
lenit) are antispasmodic, and are also said to be emnienatrogue and anthel- 
iiiintie: 71. mmtnnn is acrid : and its juic*e is describetl as vesicating the 
skin, and oven producing ert-sipelas and iilcemtion. The leaves of (hrren 
alhft and other species arc used bv the settlers in .Australia for Tea. Many of 
the Rut'ico.'P are favourite grechous** plants, such ns Bnrmnn. Erin^tennm, 
&n. Diiimiiiim Bra.rutfIIti. a .'^oiith-KiiroDean plant, common in onr gar¬ 
dens, is very glandular, and it is .said that the volatile oil renders the atmo¬ 
sphere about the plant iuflanun.abl(‘ in very hot -wenther. This account 
requires confirmation. These glandular plants are of course very inflam¬ 
mable in themselves. 


Ohubk XLVII. XANTHOXYLACE.E. Toe Prickly-.Asii 

Order. 

Clots. Tcrebinthinac, Etuff. .411. llutale-s, Idndl. Coh. Geraniales, 
Beoth. el Hook. 

404. Dinf/nnsis .—Trees or slmdis -with alternate or opposite, simple or 
compound, dotted loaves, and flowers resembling those of Tlutaceie in 
almost every respect c.vcept that they are constantly polygamous, and 
sometimes have succulent fruit; seeds albuminous. 

Illustrative Genera. 

Xanthoxylon, Ktmth. | Ptelna, L. 

AfRnitlet. —Tlie Xanthoxylacem are united by some authors ■with the 
IlutMem; their more remote relations are with Aurniitiacen? and Ana- 
cardiaceae, which, however, not only differ in their fruits, hut their seeds 
have no albumen. There is a considerable aflinily to the Euphorhiocew 
and to Fra.irinuH among the Oleacem, 7Vc^co ha'viug oven a samnroid fruit. 

Dirtritmtlon. —The species are not very numerous, and are gi'nerally 
distributed, but are most qjjundnnt in America. 

Qaalitlea and Uses.—Pungent end aromatic. Xanthoxylon, a genus re- 
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presented in North and South Ameriea, as well as in India, China, &c., 
eminently possesses thes<i charocUn-s, its species bcin^ commonly c<dled 
Peppers in their native countries. X. Vlava imdfru.ntieuiii (North Ame¬ 
rica) are powerful diaphoretics and sudorifics; X.nitidmn (China) has 
a similar reputation; X ht/enmle (Hrazil), X. /nperitim (China), &e. are 
analogous. The unripe capsules of X. Wuim are aromatic, resembling 
oviinge-peel. Th(> fruit of PMe.n has a strong aromatic bitter taste, and 
has been used us a substitute for hojis. 


Orukr XLVIII, SIMARIJBACEJS. Tun Upassia Order. 

f'Aw. Terebinthina;, Xiidl. AU. Itiitales, Linrff. (hh. Geranialcs, 
Beuth. et Iltmk. 

405. Dinfinmm. —Trees nr shnibs with alteniate exstipulate leaves, -with¬ 
out dots, usually compound; calyx and corolla 4 5-nierous; stamens 8-10, 
eaeli on the Imek of a scale; anthers bursting longitudinally; ovary stipi- 
tate,,4-5-lohed ; fruit of 4-5 iiidehiscent drupes round a common recep¬ 
tacle or capsular or samai-oid, with 1 pendulous e-valbuminous seed m 
each compartment. 

Il-I.rRTRATIVK (lENKUA. 

Quassia. A. Simaruha, .4//A/. Picrsisma, .BAmic. 

Simaba, AiM Ailanthus, Bt-x/. Brucea, MiUer, 

Affinities.—Belonging to the llntaceous pjonp, these plants ai-e most 
closely allieil to the Zygophyllaccie by the stamens and dotless leaves, to 
the (Vchuaci'.'c by the deeply lobed ovaiy,—diflering from the former in 
the structure of the fruit and the number of seeds in a cell, from the 
lalte'r by the ab.sence of a large dish and the dehiscence of tlin-stamens. 

Oistribution.-—A sm-sll Olricr, the members of which inhabit South 
America, .\frica, the Ea.st lndie,s, and the Malay archipelago. Cneorjim 
occurs in the MediUirranean district. _ 

Qualities and Uses.— The most striking property is great bitterness, 
whence they are used ns tonics. Quassia or llithu’-wood, used as a tonic, 
as a lly-poi'son, and os a sub-stitiitc for hops in beer, is derived from this 
faiuily. Quaxitia amnrn (.Surinam) is stated to be the true plant; but 
Picrtisina, or Purieua e.r<vl»<i yields the wood usually imported. The 
bark of the root of SimaridMi amnrn is used in the same manner. Brween 
witUfynenterk-a has similar qualitie.s, and was formerly mistakenly supposed 
to he' the source of falw! Angostura bark._ Sinuiba C'edroit has a'roputatioii 
for curing snake-bites; but recent experiments throw doubt on this. Ai- 
lanthm ylatidtdosa, tlie “ tree of heaven,” is commonly grown for ornament 
in this country; its leaves afl’ord nutriment to a species of fulkwonu. 

(OoirNACEiE are scarcely separable from Simambacem; but the oiiuy is 
composed of carpels seatedi on a largo fleshy disk instead of upon a stipe, the 
elongated anthers often open by pores, and the simple leaves are without 
stipules. The thick gynophoro of this Order affords a dost! connexion 
between Kutaeem and Oeroniacem. The p^perties are similar to those 
of Simarubaceie.) 
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(CoHiABiK^ is the name applied to a small group of plants belonging 
to one g(!niis, Coriitria, of obscure iiffinities, placed in this neiglibourbood 
by Lindlov, but difieiiug fi'oiii moat of the Rutales in their pendulous 
ovules witn dorsal raphe. In some rt's^iects they approach rhiitulacc^. 
The.se plants have dangeroas properties. Of C. myrtifuHa the leaves, 
whieh an! sometimes used to adulterate Senna, am said to produce teta¬ 
nus ; the beme.s ani poisonous. 'I'lie fruits of other species are siiid to ^ 
edible, but the seeds poisonous. C. myrtifolia and rim-tfoUa are usi:d in 
dyeing, inliision of the leaves giving a dark blue with sulphate of iron.) 


Order XIJX. PlTTOSPOUACEiB. 

f’fasfi. Frangulacoffi, Jiiall. AH. Berberides, Limll, Coh. I’olygalina), 
Jietfth. nt Jlonk. 

400. Diaynow. —^Trees or shrubs, often climbing plants, with nlteniato 
exstipulate leaves; flowers regular; calyx and corolla4-fi-mcrous, imbri- 
catcal, deciduous; stamens O, hypognious, alternate with the pe,tal8, 
open'nglongitudinally or by apical pores; ovary frcf*; cells or pkwentas 3 
or more; style .single; stigmas equal to the placentas; ovules horizontal 
or ascending; seeds numerous; embryo minute, in fleshy albumen. 

Ielustrative Oknera. 

Pittosporum, Soland. Sollya, IJnM. 

(Jheinmthcra, Ctnminj/Ji. Billardiera, (tmilh. 

Affinities, &c .—A small Order, placed by BeCandolle between Polyga- 
lacea; and iMankeniacca!, by A. llicbai’d near liutaceie, by Kndlicher in 
thcncighboiirhoodof lihamnacere. Lindley n'gaids them ns nearVitacem. 
From Tromandracciie and Olacace.m they dilfer in their imbricate si;pals 
and petals and their nunieTOUs ovules! In other points thev resemble 
Oelaetrinejc, but tluty have no disk and no aril. Decaisne points out an 
aflinity with some Kri(;ads, ns Ledum. The plants are chiefly from .■V.us- 
tralia; the berries of Billardiera an*, eaten, having a pleasant acid flavour; 
but a resinous quality pervades tin; whole Ord(;r. S<ime of the species are 
cultivated on account of their flowers and coloured berries, as Sollya, Bil¬ 
lardiera, &c. 


Order L. VITACEJ?. Vines. 

thscanthoe, JEndl. AH. Berberales, Lindl. Coh. Oelastroles, 

* Bmth. et Hook. 

407.- JWm/nodM.—Shrubs with a watery juice, usually climbing by ten¬ 
drils, with small regular flowers, a minut<)'truncated calyx with the limb 
mosriy obsolete; stamens as many as the vnlvale petals, and opposite to 
them, springing from a dipk surrounding the ovary. Fruit succulent; 
seeds bony; albumen hard. 
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iLLUSXaATlA’E GeNEBA. 

Cissus, L. PteriHantbes, Blum. 

ViliH, Jj. Lut'R, L. 

Affinities. —The relations of this Order are somewhat complex: a portion 
of the plants are i-elated to Melinceie, Celastiinese, and Rnamnacem; hut 
tlic nearest connexion would appear to be to the epigyuous (h-dev Aral!- 
wem, especially throii}rh the Ivy, Ilvdera. Tlie characttjrs of the group, 
liowever, are very distinct, in tlie hypog\-nons stamens iip]>usite the 
pedals, and tlie cliiuhing linbiti The teudrils by which the stems climb 
ai-e tlower-bninclies,’often exhibiting a few nodules representing abortive 
Hewers: in some cultivated Vines the s.;eds are csinstantly suppressed, while 
the fruit is perfected, as in the varieties yielding the Sultana r.aisins and 
the Xante gi-api- or “tlurrant.” iYmW»t/(cs, a .lavan plant, has a very 
extraordinary strnclnn*: its numerous barren and fertile flowers arc deve¬ 
loped on a verv large foliaceous peduncle having the form of a number of 
divcigcnt ]>latcs set edgewise at the end of a. long slender stalk j the fertile 
flowers and berries are sos.sile on both surfact's of the lamiuas, the edges 
being fringed with stalkisl bamm flowers. 'J'he separation of the petals 
at tlieir bases, remaining coherent above so ns to form little 6-rayed stars, 
is worthy of notice in this Order. The species of Amptilopnis, known<<as 
“ Virginia t'hi'cpers,” exhibit souu> int eresting phenomena, viz. the assump¬ 
tion* of a crimson colour by the foliage in autumn, and the adaptation 
of their tendrils to fonii organs of attachment to wall^: the points of the 
tendrils insinuate themselves into little holes and cracks, especially in 
brickwork, and then e.xjiand inside the cavities so ns to fix themselves a*. 
th(! stoncinusi.uis tlx their ” lewis,” or key, into lai'go blocks of stone. 

Distribation.—The genus Vitix, ineliidiiig Ampelopsis and CUsm, con¬ 
tains a large number of species, natives for the most part of tropieal and 
siibtropienl regions. The remaining genera have only a very few repre- 
simtatives. Ine Vine is supposed to be a native of the shores of the tlas- 
piaii; but it has niii wild iit South Kiirope, and is eiiltivatcd all over the 
world wheix! the temperature is not too low or too high: in the lost case 
it runs away to leaf and does not produce fruit. The stems and roots of 
some of the CVsst of the Ka.st Indies are infested by the parasitical llaiflu- 
sincem and lialanophoraceic. 

Qualities and Usee. —The propertii'S of the Vine (Vitig vinifera), with 
its inniimcrnhle varieties, arc. universally known; the Fox-grapes (T7 <m 
mdpitm and Lahniwd) of North Amenca have similar properties when 
cultivated, hut are inferior, llie henies of the 6V««i arc acrid; f)pme yield 
a colouring-niattiT. The sap of the stems and leaves generally of the Order 
is sour, containing tartaric acid. 
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SXTBCLASS 2. CALYClFLOKJi:. 

Flowers usually with a calyx and corolla; the petals distinct, 
springing from the calyx; the stamens perigynous or epigynous. 

The chameter of this Subclass, founded on the insertion of the petals 
and stamens upon the calyx, is very artificial, and it is liable to lixeeption 
in certain genera of Orders referable here. On the other hand, it is met 
with exceptionaUy in Thalauiilloral Orders: and many cases occur wIkto 
the conditions aie ditlicult to ascertain. Moreover it causes the sepii-atiou 
of very natural groups of Oiders, such as the removal of Anoeardim'em, 
which has both hypogynous and perigynous gcuera, from the Subclass 
which iiicliidos the Kutacejo, in accoriJance with tJie structure of the 
majority. Dciitham and Hooker, appareutlv with a view to remove some 
of these anomalies, have proposed a subclass or series which Ihey call 
Distdflorfe, the most important ehawctc'r of which consists in the presence 
of a large disk or expansion of the reccjitacle attm'hed to the calvx^or to 
the ovary, and from which the petals and stamims spring; it thus includes 
some ThiJuiiiifloral and some fkilycilloral Oniers. The .separation of the 
Perigynous from the I'lpigvnous Ordei-s is rendered impracticable by the 
occurrence of the two conditions in one Order, as in itosnccie. 


Okdek LI. CELASTllACETE. The Spindle-tree Order. 

Class. Frangnlaceto, Ettdl. AU. lUiamnnles, Lindl. Coh. Celastroles, 
JBenth. H Hook. 

' 408. Diaf/msis. —Shrubs with simple, mostly alternate leaves, and with 
small deciduous stipules; small regular flowers, the 4-5 sepn's and petals 
imbricafrd in mstivaliou; stamens us many as the petals and alternate 
with them, inserted on a disk filling up the bottom of the calyx; seeds 
mostly arillatc, albuminous. 

Illustrative Genera. 

Enonymus, Toamef. Catha, Eorsk, 

Celastrus, Kmtth. ‘ Elmodendron, Jaeq. 

Affinities.—^Related to llhamnanese, difleiing in the imbricated calyx 
and the stamens alternating with the petals. Aquifoliaccm, a inono- 
petalous Order, is very nearly allied; but the Celastratieic appear to have 
closer relations with some Thalamiflural Orders, .»uoh as Malpighiaeeis 
throi^h IlippocmteaceHS. The fleshv coat of the seed of Bumtynuts is 
described by Plonchon os an arillode or frdse arillos, arising from the 
margin of the micropyle. 

Distrilmtion. —^A large Order, the species of which are generally difliised, 
but more abundant outside the tropics. 

QuoUttos and Umi. —Mure or less acrid, with oily seeds. Euonymus 
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i^iropfpux, the common Spindle-tree of our hedffos, is used for {^unpowder- 
chiircool. The inner hark of H. Ungena is used in dyimrg; the seeds of 
E. europeem are said to he purgative and euieiic. The bark of Cdastrua 
seatuh-HS has the same properties. Catha edutis has stimulant properties, 
and the leaves ore largely used by the Arabs under the name of Kill. The 
dru|ia(rouus fruits of Elteodemlron Kubu are eaten at the (Jape of Good 
Hope. 

(Staokuousiacka! an‘ a small Order of Australian plants intermediate 
between Oelastraeeie and ICuphorbiacenj; their corolla is monopetaluus. 

lln'POCHATF.AClM4, which have hypogynoua petals and mure or less 
epigynous stameiis, are most nearly ndated to Oelifitracese (with which, 
indeed, tliey are combiucdby Hentham and Hooker), connecting them with 
Malpighitu-eie, .4.ecnu:u!c, and through Sbiphylea with Sapindaceo; &c. 
They are chietly South-Ameiican trees or climbing shrubs, some with 
edible fruit. 

f’HATi.i.nTiACn^ is anotlutr small Order, usually placed in this neigh- 
boiuiiood, but with obscure alliiiities. ChtiilleCia tuxtearia has a poisonous 
fruit, culled Ilut’s-baue at Sienn Leone.) 


OkdbrLII. lllIAMNACE.ii). Thjs IkrcKTiioRN Ohdeb. 

Class. Frangulaceic, Eiidl. All. Ilhamnales, UmU. Coh. Gelostralcs, 
Ecnlh. et Hook. 

W.l. Hiiii/rtosia .—Shrubs or small trees with simple leaves; small and 
regular flowers (aometime.s apetiiloiia); the 4-5 perigynous ativmeus as 
many as tlie vulvnte sepals, and altemab; with them (opposite to the petals 
when these are present) ; disk fleshy; berry or pod with one seed in each 
cell, albiuuinous, without an oriL 

Illustbative Genbba. 

Palinrus, Toumrf. Ilhamnus, Jims. Ceanothus, L. 

Zizyphus, Toiirnff. llovenia, Thimb. Phylica, L. 

Afflnltlea.— The llhamnaceiB ore clearly distinguished from the Celas- 
traceae by the position of the stamens before the petals. The calycifloral 
condition of their stamens, the fleshy disk, and the separate petals indicate 
great differeneo from the corolliiloral Order Aquifotiacem, nle») formerly 
as.sociatud with them. Brongninrt- tliinks their nearest relations are to 
the hypogj'nous llyttneriaceic and to Euphorbiacem. Some of the genera 
have free, others adherent ovaries. 

Dtstrllmtlon.—A rather large Order, the species of which are generally 
diffused. 

Qualities and Uses. —Some acrid and purgative, some with bitter tonic 
properties, others with edible fruits. Hhamnus includes IL catluirticiis, 
the Buckthorn, from the berries of which a purgative syrupis made, also 
the colour termed Sap-green. The dyeing material called F^nch bemes 
consists of tile unripe terries of i2. infeetoriu^ mxatiUs, and amygdalinus. 
ZsgyjSwa has e^Ue frruit, called Jujubes (Z vulgarU, Z. Jiguba, &c.). 
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The cha«soal made from the wood of J?. FrangtHa is used for punpowder- 
making. Z, Lotiu is supposed by some to he the Lotus of the ancients, 
although others think this was Nitraria {§ 503). _ 'JTie^ peduncles of Ho- 
cenia ilu'cis enlarge into a succident fruit, eaten in China; other genera 
also furnish edible berries. The leaves of Ceanathus americarms are c.on- 
sumed as New-.rersey Tea, and those of tiageretia tlwcana are used for 
Ten by the poorer Chinese. 


Ord¥rL 1II. ANACARDJACEiE ok TEREBINTHACEAS. 
Tuk Sumach Okukk. 

C/ass. Terebinthinro, Endl. AU. Itutnles, Lindl. C<di. Snpindoles, 
lirntit. etjlouk. 

410. Bifignom .—Trees or shrubs with a resinous or milky acrid juice; 
doticss alternate l(>ares, and small, often polygamous, regular flowers; 
calyx small, usually with 5, sometimes .‘!-4 or 7 lobes, persistent; petals 
equiil in iminlK'r to the lobes of the calyx, or wanting; stamens the ^ame 
number or double or more, inserted bn an annular fleshy disk, or coherent 
and perigynous. Ovary single, or rarely of O or Ocarjiels, superior (rarely 
inforW), !-celled; style 1, or .’I or 4, sometinies none; stigmas twice as 
many; ovules solitaryj on a long funiculus, h'ruit indehiscent, commonly 
drupaceous; Bi;ed without albumen. 

Iti.tTSTnATivK Oknkha. 

St Pistaeia, L. Melanorrhea, WuU. Semecnrpns, L, 

Schimis, L. Htagmaria, Jack, Spoudias, L. 

llhus, L. Maugifera, L. 

Affinities. —The prominent differential characters of this Order reside in 
the solitary ovule, with venti-al raphe and inferior micropyle, or dorsal 
raphe if the micropyle be superior. This Order is related to the Xantho- 
xj’liMHiiu in many respects, but ditfers in the structure of the ovary and seed. 
iVom the Purseraceas also it is divided by the same characters, although 
Spoiuliwi connects them ns regards the fruit; while the same peculinriuiss 
relate it on the other hand to certain Connaraccae, llosaccm, and Legu- 
minosm. 

Distribution —A large Order, the species of which are chiefly tropical, 
diminishing mpidly beyond the tropics. 

Quaiitim and Uses. —^I’lie resinoug Juice of these plants is acrid, or 
violently irritating and poisonous; it often becomes blaA in drying. Some 
kinds, however, yield edible, and even valuable fruits. Anacanh'um ocei- 
deniedr, the Cashew-nut, is remarkable for the curious fleshy enlargement 
of the peduncle supporting the nut; this peduncle is edible, as is mso the 
seed when roasted; but the pericarp contains acrid volatile oil. A gum- 
xesinous juice exudes from the wom, called (tomme d'Acajou, which is 
used when fresh as a varnish. Semecarptu Anaeardmtn, the Markiug-nut, 
Melanorrhea ueitatimma, Stagmaria vemicijlua, lihue vemir, &c. are 
among the plants furnishing varnishes used in the East Indies, China, and 
Japan for lacqueied ware; their juices are white at first, and become 
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bltuik after expoonre to the air. Moatic in obtfuncdfrom IHstacia aUantiea 
aiiil P. Scio turpentine from P. TerebnUkus ; the fruit of Pistada 

vera is the I’istochio-nut, highly valued in Ensteni eookery. Mangifera 
indicu, with numerous vnrielius, yields the well-known troui(Ml drupe 
culled the Mango. The Sumachs, species of Wms, ore acrid and poisonous, 
affecting some constitutions more than others, and sometimes producing 
violent erysipelas when applied to the skin. iZ. ToxiKiidendrm is the 
Poison-Oak of North America; M. vnuiiata, the Poison-Elder or Poison- 
Sumach. li. typhiuu, i/lahra, and Coriaria have acid fruit and astringent 
bark, ua»‘d in taimiiig; It. Cothiux, which is somidimcs grown in our 
shrobberics under the iiaine of the Wig-plant, from the hair-like nature 
of the sterile flower-sliillis, yields the dye-wood <'aUed Young Fustic; 
It. Metopium, the Ilog-guin of Jamaica, a powerful purgative and emetic. 
IS/Miidias mtrpumt and S. Mumbtii yield succulent fruits eaten in Brasil 
and the W. Indies under the name of 1 log-plums; N. Cytlterva or dideis 
alibrds a delicious fruit in the Society Islands. 

(Samiack.* are a snndl Ordisr of East-Iudinn plants, removed by recent 
aufhors from Anacardiaceu^, where they were fonuerly placed as anomalous 
fornts.) 

(OoNNA'RAOK.ss form an Order of tropical trees and shrubs, usually 
placed near Anacanlineem, but destitute of resinous juice, and with ortho- 
tropous ovules; the fruits are apocar})ous and follicular. They are also 
allied to the Xaiithoxylaceas. The seeds sometimes have on mil; those 
of some species of Omp/ialubittm are edibhi. liie Zebra-wood, used in 
cabinet-making, is .stated by Sehondmrgk to be the produce of a liuiq|^ 
species of this genus, O. Lumhcrli, of great size.) 


Ordku LIV. BUIlSERACHiE. The Balsam Okpeu.. 


CUm. Terebinthina;, JSWST^JlTnTnfnlSsj JAtud. Coh. Geraniales, 
Benth. et Hook, 


411. Diagnosis .—^Trees or shrubs abounding in balsam or resin, with 
alternate or enmpmin^| Wvaa. ann^etiincM stipulate, and dotted.; 

tiowere perfect, or sometimes diclinous by abortion; calyx persistent, 
with 2-6 divisions; petals and stamens perigynous, outside a perigynons 
disk; ovary l-6-«;Iled, superi or, ses s ile in or upon the disk< ovules in 
piaiiui fruit dry, 1-5-celled, often 

splitting into valves; seeds exalbuminous; cotyledons plicate, raadpilat. 


_ Illustb ati^ (jlmBlHL 

"SSXT 'IcicB, AmiS!"'" 
Balsomodradron, Ktaifh. Burser a. Jacq, 



Afflnltiesr— The-idimyridaceeB, excepting the genns Amyi is Huii^ptove 
a TTitiTiy a n H fi d .»tiiiinTi - 

tiaceee; but the shelly, the fruit is hard here,.,aiid-<0pen8 by valves. 
Amgris ha^ dqttgd leaves. The qyules in pairs separate tneny|i|y^a- 
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cardiaccsB. The want of ecales to the etamena eeparates them from Sima- 
rubeee.' From Futals they difler in their exalbuminous embryo. From 
Aurantiads they dilier in the fruit. 

Dletiilmtion.—^The Order consiete of about 150 species, distributed 
throughout the tropics of Asia, Africa, and America. 

Qumittes and Uses.—Fragrant resinous {nices are the chief character¬ 
istics of this Order. Duxicrllia Jtoribumin and /flahra yield the East- 
Indian Olibauum or Fnmkiiicense; Ji. ^upyrifirra (AbjWnia) yields a 
Similar Olibauum, and has a remnrlmble iiinor bark, capable of separation 
into sheets, which are iwt^d as paper. liakmnodendroH Myrrha yields 
Gum Myrrh; Ikliii of Mecca is produced by Bnls. Opobnhamum and liah. 
qUmdeim. Bah. Muktd yields (loogal, or lidellium; B.pttbcacetm another 
Wlsani, alinust soluble in water. Amyris hexandra and A. P/u»<tmyicld 
Eleiiii; the wood of A._ hahamifera is known os Lignum Rhodium; the 
balsam of A. tarifem is poisonous. Idea Idcadba yields Brasilian Kleini, 
I. Cartmtt American Balm of Gilead; and other species adui'd similar pro¬ 
ducts. Elaphrinm tomentomm supplies one of'tlie kinds of Tacnniahaca, 
B. et&mfenmi Mexican Elemi; and Cmmrivm eomnmna furnislies East- 
Indiau or Manilla Elemi. Buraera ptmiculata (Mauritius) is caUed Bois 
de Colophaue, giving out freely when wounded an oily juice smelling like 
turpentine; B. gummifera jdelds ('hiljou resin, B. muinmata Kesin of 
Oarana; Hedwigm bdlaamifera, Beaunie ti coehon, used os a substitute for 
Copaiba. The wood of Idea altiaaima is used for canoes in British Guiana, 
under the name of Cediw-wood. 


'• Orukii LV. LEGUMIN0S.^E. The Pulse Order. 


„ Claaa. Leguminosm, Endl. All. Rosal(‘s, LmtU, Coh. Rosales, 
Benih. el Hook, 


412. Diagnosis .—with irregular, often 
papilionaceous or rcgula^Iower^^tanien^O or rarely 5, or some¬ 
times indefinite, diadolphous, monadelphous, or distinct; pistil sim¬ 
ple, free, becoming a legume or lomcntum; seeds enilbuminous; 
ieavc8jno8tlj^teragJe^stipulatejjjsuallj^comj{OM|^ 


Character, 

Calyx mete or less deeply thn odd 
ac^ lobes -often unequanSa' 











CALTCQXORJE,. 


256 


i Ij /^ndst attanTinil tn 

the upner (’ventral) sntur^. 1 or many, soinotimcr^t.h .iii ariniin • 
em bryo withou t, rarely ^h albumciufltra ight. or with the radicle 

/r. TT " — j t —' ' 1 T ir — — " — — — - 




Fip.lBfr 


riff. 





' rjg. ^Cfl'.^BSSlmir-pTan of u Pupilionnr^nnn flower. 
Fitf. •tr»7. Diiirlt'lphouft KtiiiucsiB of ■Ll‘^umiuo^lD. 
Fi({. Pistil of Gtlutfa, 


This larffo Order is dhided into three Suborders, which are distin¬ 
guished by the following characters:— 

1, P^iujjKAgE^. Corolla papilionaceous, imbricated in the bud, 

with the upper, odd petal exterior. 

2. Corolla imbneated in oestivation, the odd pol^ 
inside tlie lateral ones. 

•‘1. Corolla yalvato in oestivation. 

lliis vast Order is further subdivided into several tribes, the 
subdivisions being founded on the degree of cpttesion of the stamens, 
the nature of the pod and cotyledons, the leayes, habit, &c. 


ChoTosemn, LdbiU. 
Lunimis, L. 

'V\k,L. 

Genista, L. 

Ijotns, L. 
Trifolium, L. 


IToBmatoxylon, L. 
C(e8Rlpinia,.X. 
Cassia, L. * 
Cathoitocaipus, Pa's. 


Illustrativk Gmosha. 

1. PAPn.ioirACE.ai. 

ludigofera, X. 
Glycvrrhka, Z. 
Astw^iS’X.’* 
l*isuui, L. 

Vici'a, L.‘ 

Arochis, X. 

‘2. Cmsaj^iem. 

Swartzia, WWd. 
Afflhetstia, Wall. 
Jonesia, Poxb, 
Schotia, Jttcq. 


Omithopus, X. 
Onobrychis; Toumef, 
Phaseolus, X. 
Dalbergia, X. 
'Sophowj-Xr 


Tamarindw, X. 
Copaiferay L. 
Oeratonia, X. 
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Entada, L. 
Adenanthera, L, 


3. MniosE^. 

Prosopis, L. 
MioiMay -La- 


’ Acacia, WUld. 


afflnltlM, ftc.—^This immensu Order presents vcr>’ considerable variety 
of Btrocturu within its wide limits; and but one character is absolutely 
constant, the position of the sepals; the irreirulorits of jthe corolla dis- 
- ’loeether in tl ‘ ''' 


Hartmn on 



igTgiiiiiniaHjfifinBy 

'iTu ggi ■ oTJilTO 'fll! Ti rr® P 



wo carpels, nowevor, appear to -ije nomuuiy present in jnptMra 
^ftaliunia (iiffi/na ; a double ovary sometimes occurs as a monstrosity 
in Winfaria mu'iisis, in Oletlifuchi'a, and in the Prench bean (Pham>fuii ); 
and a dfmiosn with <> carpels (thus n symmetrical flower) is said to have 
been seen bv St.-Hilaire. The simple legainie presents a preat variety of 
conditions, both of form, consistence, and dehiscence. Its normal fomi is 
such as we see in the garden Pea (tig. .’{SSI); in C'o/(/tc«.^th».Bladder-&!nnn ) 
it is inflated and membranous; in dorsal sutui'e turns in 

and forms a fidse septum (tig. 362); in i’huca it is spopgy' or fleejljv; in 
many cases it is woody; it may be straight, or curved, or even spirally 
curled fig. 301) ; in the lomcntaceous form it is constricted at 



Fie. 3S9. Legume of Anna. Fig. .160. Lomentnzn of Awna. 

Fig.36I. Legnmesof AfeAiei^e.' Fig. 3SS. Legnme of a, enbre; senm. 

intervals, often breakiw into l-aeededjointsl^fig;'300); in CaOim-toearpus 
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it iia rylindncal; in the l-seeded ovary dovelopes 

a bony oiidocorp oncHfcsnyepcMp7and bucoraes a di-npc, like ji’j„ g^jg^ 

llio Almond. The dehiscence is equally varied : gormgjUj' 
hoi^^uJjjjjjSOgeuMdthevaJvjig^ujjgmJ^; i n Hcem miinilon 
the vnIve.saane!^irTB^utufo^maspitin trie miaalo. In 
(W/'w/ic/meft'o the valves separate from the suture; in Orni- 
thopm &c. the lomeiitiim onuiks up, and the pieces either 
open or remain indehiscejit; in Entatla the lomentnceous pod 
is opened hv the valves separating in pieces. In CathartiKarpm, 

^rac/m, '/amarhufux, and other casesj^j^de^sgggcejjgcjjijd. 
nii}, and in Cuthartocarpm end Tamm ^m a Pi^up is formed 
inside the leamrae. 


Loonst-treo {Itobiiiia Vmido-aeacia). 

ticcahle for the nhvllodial netioks. whicl^nei^rtaon^e^ of floweri of 
plaeeTl?rTeavesni?o®5^**""* .dcrwia. 

Dtqtrilmtloii.—The Order comprises nearly 7000 species. The Papilta- 
naeer/airei universally distributed, but aiv must abundant in Vk'arm climates; 
some gi-nera are widely diftiised, others almost confined to particular parts 
of the globe, ns Atustralia, North or South America, Oape of Good llope, 

£ :. The (^eemlpiniten and Mimoite<r are chiefly tropicm; but the latter 
otind beyond this limit in Australia. ^ 

Qualities and TJses.—This Order contains a vast number of p^ts; and 
among them there is an exceeding diversity of properties. Thosewi^ 
mild iuices are freauentlv exceedinsrlvJmteitiauaj-JKhen the luiccs are 


' **' 18' mSstremarkanie irt' tne 
iMymrp^^S^ilSmSnna, Itmnodium, &c., and in Mimom ; 
but it cxiste in a lower desrree very commonly, even in the 



Qjjhojgnowoijdus; the poisonous properties occur in au parts, but ciuetly 
in tlie seeds raa bark. In other respects, they furnish most valuable 
timbt>r, fibres, gums, dyes, &c. In enumerating some of the most im¬ 
portant plants, it will be best to take tliem under the heads of the Sub¬ 
orders. 


1. Paptlionaretp. —A large proportion of the common fiidderjohm^such 
as Clover (TrMium), Luceni and Medic (Medicaffoy^MSuotuS^fdn- 
foin ( Onohn/chTs), &c., belong to this Suborder; imd various other similar 
plants Bi-e in use in foreign countries, such as species of Artraffolm, Cro- 
tdaria jutuea, Bemudium difftimm, Jndigofera enwaphyRa, &c. TJjj^ 
secdsj>£im|j(^{mej|jggMee^^ constituting the various kinds of pulse; 
such ns wond Ileans {PabaJ, Haricots and Scarlet Beans (Phaseohis), 
Pens (Pisum, Bolichos), Lentils (Ervtm, Vicia), Chick-peas (Cicer), 
Pigeon-peas (C(yanwi), Lupines, &c. The roots of some of these are 
said to be pgjimqpua, as those of PAos^lu;;, hut, as is well known, the 
pericarps or podsare eaten boiled in the young state. Saccharine matter 
exists in the roots of Liquorice ( Olycytrhiza glabra, with G. echinata and. 
glmidulifera) ; a kind of Manna is obtained from' the Camel-thorn (Alhagi 
Manromm ); Aslragulm glyeyphyUus has a sweet juice. The tuberous 
roots of BdichoD fqJcrosK* and buB/omu, Apiog, Pueraria, and Lathyrvg 
tuheromis are eaten in the same way as potatoes. 

Among the jm^tivesgecig^ ai'e Bl^der-Senna ( Colutea arboreseeiM), 
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the leaflet!) of which are often i^ ged to m ^i ^rate tri^ e ^ enna. and Comuilfa 
Emerun and C. varia: the last w reputed fo be poisonous; \'arioiis species 
of Oenigta, Cytimis, Efibinia, &c. are diuretic and cathartic. 

The well-known^jjjjjjjjjjt^substance Kino is obtain*^ in Mrica from 
Pteroearpus m/wceiSnn^tnelCast Indies from P. Marnupuim, OumDraj'on 
frwm P. Ifraeo, and Ited 8undal-wood from P. siaitaliHm.' A somewhat 
similar substance to Kino is obtained in the East Indies from the Dahk 
trees (Putea frondom and m/ierba). En/thrim mnmiKprrma yields (lum 
Lac. A few'plants of this Suborder yield 'rnms, such as Tragacanth, from 
A»tragalm veri^.erefiem, eristatm^unmifur, and strobili'f&ittx. 

JJvgs_grj^jm^igSj(]JjjnLm2Bs In'iligo from Lidlf/ofera tinctoria, 
ftsWwi, aJywcrtrauupmMDlyofhers, and from Tpp&'osia AftoUinea and 
other speciesj Baptma tuudoria gives an inferior kind. 'ITie flowers of tiie 
Btitf(p give a brilnant omnge-yenow'“colbur; ‘‘Si^ltorn S\vca^\» 

yellow from the pdp of its pods; Dyer’s broom ( Gtmgta tihctona) gives 
% good yellow colour, and forms a green with 

alforded by some, as Rose-wood (Palis- 
sana^^offileT^rencImn'n^anous Rraziliaiyyecies ot Tr iptol pmen, Itaka- 
wood of (iiiiana (Mdchterimii fichnnil»irgki), Lffilrhmu-woocl ( 
Zaburimm), Locust (KMaia Psetulo-aearia ); Dalheryia Simoo and other 
species, and Pt4irAcarpm dalberffioidcx, are highly valued in the East Indies. 
Others furnish fibrous suhstauces, such as Crotafanajuneda, yielding lieugol 
Hemp. 

Dipten/x odorafa fTonka-be.inl and D. oinfera (Eboe-nut)^rejisedj^ 
nejjgljngQ. Tlio hairs from the pods of Oowliage (Mueuna prunem) were 
loraen^sed as an anthelmintic, The seeds of Aidraydlm bmtietis are 
used as^a substitute fot and adulteration of coffee in Germany. 

^'jOie *dis§TOtly numeroua The 

Igljits of th^^rlel^nne^ea^7%asco/>ft8 mufti/hrm* and other species 
are narcotic poisons; also the seeds of I^umum (PuttHm Labtpium, 
atpinm, &c.), those of Lathynm Aphiivtt, and, it is sain (but denied by 
others), those of Abrun jrreeatorim (the scm'hit seeds with a block patch, 
often used ns beads), Amyyrix faiidn, Ermm Ernlia, &c. Indigo is a 
violent poison; the shoots of various kinds of Tephroni'a, especially T. tori- 
fera, are used to poison fish, as is the bark of Pkeidia Eri/thrina, a powerful 
MVMiMMafBpetHes-af Oeojjfroya, as O. vermifuipi and spimdonn, and Andira 
inennin and return, having drastic purgative and emetic barks, are acrid- 
narcotic poisons in large do.ses. Qompholublim, an Australian genus, is 
said to poison sheep. Physoetigma venenoxnm furnishes the poisonous 
Oalabar bean used ns an ordeid by the natives, and in medicine for its 
use in contracting the pupil of tlie eyit.- It-a^-aaa powerful nervous 
sedative. 

2. Camlptmete.—This Suborder does not appear to have any decidedly 
poisonous properties; but lujurgg^yemjalitjrlsjOTVjj^^ as in Senna, 
Cassia obovata, Senna, dtlmt^ua, ana laaeeolmS^^^mammalm and other 
North-American species have similar properties. Cassia or Gathartoearpus 
Fistula has a purg^tive^ fruit; and tho pulp of the Tamarind ^ Tamarindm 
indica) shares this^ality. Resides the Tamarind, other fruits, less acid, 
are eaten, as the TwHannd Plum ( DjaUum indicum) and the Tamarinds 
of Sierra Leone, which are species of (^tdarium. Carohs or Algarol^, the 
legumes of Cerabmia Siliqm (also called St. John's, or the Locust-tree), are 



CALYCIFLOB^. 


269 


used for feeding horses in Spain, and have recently been imported for 
feeding stock in this country. OMit-ttclda triacanthm hears a similar fruit, 
called in North Ameiica the IT<mey-l<K-u8t; the fruit of the AVcst-Indian 
Locust, Ilymetixa Ccurbnril, is somewhat similar, but is said to purge 
when fi-esh gathered ; a kind of beer is made fronr it by decoction and fer- 
meirtation.—Majj^C^jja^jjjjmjgjJlgv^Jutteji^ndugJjjjige^ and 

ore sometimesnscom mcdicineTsevero^^wem jn tannhij^ntt dye- 
ing. as Divi di vi, the pods of Ctfualphtia Coi-iaria, one of the most powerful 
of kno-wn astringents; the bark of some species of Bmihima and Cmtia 
aiv used in similar ways.—The dve^mH^are important, namely Log¬ 
wood (Ilffmatnjryhyi cow?/)cc*jo«fflWf^jffiurWOod or Pemambuco-wood 
(Ceesa/pinia erfmwta, brnniliciim, and other species), Cam-wood or Har¬ 
wood (Jiaph'a nitida), &c. The West-Indian Ijocust-troo (JTymenira 
Cmirbaril), the Purple-heart of Guiana (Co/.yn/cr'rt/JMJj^ora and bracteata), 
Melanmylon Jiremnia, lipeitia falcata, kv,. yield veiy hard and durable 
timber. The size of some of tlie Caesalpineous trees of the South-Amc- 
rican forests is said to bt- enormous, as much as 8d feeLiu circumference 
at tlie base, where lai’ge projecting buttii'sses occur, and 60 foet at the 
comnu'ncenu'nl of the clear run of (he trunk. 

The bark of Houlnnia iwcimnia and jmrviflora is used foi^ordage in the 
Past Indies. Gum is yielded by several, as remwanu emar- 

yinnta in the Jifisnuidies. and IStfieeolohitim yiimmifervm in llrazil. Anime 
resin is obtained from Jlymimam Com-hirit ; Mexican Copal probably from 
an alli< d plant: Hrazilian Copal from various species of this genus, and 
from Trncliylobuim Marfiantwi ; Madagascar Copal, and perhaps that of 
tile blast Indies in jrcneral.from Ilymnuea rerrtuom. llalsnm of Copiba 
is derived fiom various West-lndian and llrazilian species of Copaiferu; 
Balsam of Peru f(pin Myroryhtt Vereir ^Balsam c^'olu from M. totui- 
fennn. Aloertihim Ayallorlmm yields one kind of Eagle- or Aloes-wood, 
the otbesAumiug from an rdy'/^Viiir'i » .>■ - - 

,1. Mtmnmtp .—into gum and astringent 
properties of theTim^t^Trininosrstriking qualities of this Suborder. 
Quiru^jjajia and its varieties are yielded by several species of Acacia :— 
■4MdiP'c& ana AdimstmH fGum Senegal) in West Africa, A. nOotiea and 
Seyal (Gum Arabic) in Nubia, A. arabira, spirtom, , 
nenionti in the East Indies. A. dccurrcHUrmti/lmima mi affinh in. 

The bark of most species oiAca<ia is veryjgfrijmm^ and many kinds are 
used for tauning^iB India; tbe pods of A«>nu«n«»SS^riisad's£MMiic same 
purpose; and the obtained by 

extraction with water fro m tl^e h^or'.- ^iOod of Aiiacui Various 

species of Im/a, Bro iop^, &c. ai-e VCTy w trinj^ nt Some East-Indian 
Acacias yieldV|3ui^h^mj^J^'tl{f legu of A affli the large 

seeds of-BflWliFTW^^Wontnin a saponifying snb!St8Bc0r"fltftne kinds 
of ilftmosa andiVrjscms am .said to have i^tw]ertiea. ‘ Artrcia 

varians, of Australia, has been called the Poison-tree. It is bsrdlyneoes- 
sary to add that a great number of plgnts from all these Suborlieis are 
eultiv^tod for the soke of their beautiful flowers. 

(Morinrackje fomi a very anomalous ^fIIWp'W^S*dM*hp8BS!b' Wily, 
marked by the following character:—Trees with 2-3-pinnate leaves and 
thin deciduous stipules; flowers irregular, S-merous; sepals and petals 
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petaloid; stamens 8-10 on a disk in the tube of tho calyx, tho outer 
circle wimetimes sterile; anthei s 1-celled; ovary superior, stalked, 1-celled 
with 3 parietal many-ovuled placentas; fruit a long 3-valved pod with 
the seeds in the middle of the valves; seeds without albumen. Tho 
species are natives of Arabia and the East Indies, and have (jenerally been 
referred to the vicinity of the Eegurainosas, principally on iu«;ount of their 
porigyifoiffi Irregular ’flowefs,' pinitktc leaves, and* pOd-HltS fruits. The 
structure of the ovaiy removes them widely from TiOguminosa}, on account 
of the parietal plaeentation, since, judging from liosoeeie, the u<!currence 
of additional carpels in Leg niniuo.sse w*o uld be accompanied by an apo¬ 
carpous condition, or at leasfWSll'*p!fbeuta8. Diphaea and Cecstdptnia 
digyrut (Leprurainoa.i!) are in fact described as having 2 legumes; but the 
monstrous forms of Gleditschia referred to by De Candolle are said to have 
2 coalescent carpels. Hence Lindley places this Order in the neighbour¬ 
hood of Violacem, and conceives that it approaches Polygalae.eiB. Others 
place it between Capparids and llesedacow, to the former of which Orders 
it is certainlp closely allied. Tho root of Mnringa pf-erygosperma is pungent 
and aromatic, resembling Horse-radish. A gum like Tragocanth exudes 
from the, bark. The seeds arc the Ben-nuts; and the oil of Ben was formerly 
highly es teemed fo r perfumery, and for lubricating watch work, on account 
of its CCUl^mTire freedom from eosily-solidityiug fattj injp'edients.) 


Okdee LVI. EOSACE.E. TueRose Ordek. 


Class. Bosidorm, Sadi. All. ltosale.s, Zindl. Coh. Bosales. JBerdh. d 

Umdi. 

413. Diagnosis .— 

meroua (rarely few) msSnS^^araSwmserfetroniEJ^caly^rc^ols 
1 or many, either quite distinct in the tube 

of the rboeptaclc; seeds (anatropoos) 1 or few in each ovary, exal- 
buminous; embryo straight, with la^c and thick cotyledons; 

Character. 

Calyx jgjjjnjejjjJonsjjjtttrjiL5jobes,JJjeo^^ i. e. next 

tho Sis7wnei^^^^|timgg^rithnnsgjg2E^^^^^ 

Corolla : pstoZs ^upct^sertg^mto^ie^alYi&t rarely absent. 
Stamens defimte^a^md^ni^^^SffiTJyynEjjgJgll^ 

Ovaries 

364^^ul)^f 

the calyx r otmfe^jwBs^l w r; styles lateral (fig. 367) or terminal. 
fhdt: a drupe, an acheno, or a dry or succulent ct8Brio(fi^. 365,366), 
or a cynarrhodon or a pome (fig. 368); seeds 1 or more, ^galM- 
ijponai smftn/Q straight. 

This Order is commonly broken into several smaller Orders, 
which we shall characterize here as Suborders. 
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1. Oheysobat-ake^. Trees or shrubs with free stipules; carpel 
1, adherent more or less to one side of the calyx; ovules 2; style 
basilar; fruit a drupe; seed erect. 

2. Deupace^ or Pbceeje. Trees or shrubs with free stipules; 
carpel 1, free; style terminal; fruit a drupe, not enclosed in the 
tube of the flower, which is deciduous; seeds suspended. 

3. Pome.*. Trees or shrubs with free stipules; carjjols 1-5, more 
or less unittnl together and with the sides of the flowCr-tube; styles 
terminal; fruit a pome, 1-5-celled or spuriously 10-ccllcd, with a 
crustaceous core or bony stotus (fig. 365): seeds ascending^ 

4. Kose*. Shrubs or herbs wit-h adnute stipules; carpels free 
from the calyx, 1 or many, 1-celled, sometimes cohering; styles 
lateral; fruit usually etasrios formed of an assemblage of dry achcncs, 
small drupes, or dehiscent several-seeded follicles; seed suspended, 
rarely ascending. 

5. SAuauisOBBEj*. Herbs or undferghtubf,' ayetaMs^- oftcn' dicli- 
nous; carpel 1; style from the sumtoif or^sc ;'IrESt an^chehc,* 
surrt)unded by the persistent tube of the calyx; seed 1, suspended 
or ascciiding. 


Pig. .‘566. 



Pig. SSI Sedion of die flower of Sota. 

Fiff. 865 Dtj 1 ‘ticrio of Oeunu 
Fig. 866 8<H*tioii of flueoulent etnrio of 
Fig. 307. Ovary «»f Fraffaria with lateral sfyle. 
Fig. 868. Suetiou of the pome of Metpilw, 


Il,LUSTB\fIVK GriOCBA. 

CHIlTSOBALANEiB. H. AmYHI)AI.EAB, Or DKDPACBAS. 

ChrysobalBnus, Z. Pmnus, L. 
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III. POMRA!!. 

Pyrus, Lindl. . ' 

Crataegus, X. ... 

IV. Bobk.«. 

1. BOSIDAJ. Flomr-tuhe Jlenhff, 
enclosing the aehenes. 

Rosa, Tourmf. 

2. POTRNTILLIDA!. Flower-ttAe 
herhaceom; fruit an eleerio. 

Rubus, L. 

Fragaria, L. 

Poteutilla, L. 


3. SPiBJSiDJB. Floioer-tnbe herba¬ 
ceous r^rait a ring of follicles i seeds 
not winged. 

Spiraea,X. 

4. QUiiXATiB. Flotoer-tnbe herha- 
eeom: fruit eajmdar; seed winged. 

■f Qoillaia, Mol. 

5. NRUiiADUiR. C(dyx adhering 
to a ring of 10 carpels; seed pen¬ 
dulous. 

Nourada, X» 

V. SANHU.ISOBBRA!!. 

Alchoulilla, Toitmef. 

Puteriuiu, X. 


and, indeed, tbc onl 


I *10» 




e utrgsonamnerr may ue regarcieti 
as forming a link between ttie lAigumiuoani and the Dnqmrete, toiiehinp 
that Order especifJly in its drupaceous genera and those with a latekully 
adherent nalyiE. The Drupacetse have Some ailinity ^so to /\jiacardia(‘i‘n!; 
Fomeee again connect the Order with the epigynous families, especially 
MyrtacPie, through Funica. Jtoscfc resemble Vmnetr in many respects, but 
their affinities go out id other directions; Calycanthaceic should, perhaps, 
scarcely be separated from them. The Spirmdadbvjy much resemble some 
Saxifraganeie (distinguishable bytheir albuminous seeds); and the Poten- 
remind us of the Ranunculaccin in the fruit and the aduate stipules, 
which sometimes closely' approach the dilated base of the petiole of Fa- 
ntmeuhts &e.; but Ranuneulaceae have idbumen and usually hypogyiious 
stamens, thmij^h the ditfeivnce in some genei-a between hypngynoiis and 
perigynous pu'<ition of the stamens is almost imtierct'ptible. Sanguisorhere 
arc.merely a degraded form of Itosete, whore the petals and one or other 
set of essential organs are abortive in each flower. 

.DtotrlbutloB.—There are almut a thousand species. The ChrgsohnUmea 
are chiefly found in tropical Americn*Bnd Africia, more rarely in Asia; the 
Drupacece are mostly natives of the temperate! jmrts of the Northern 
Hemisphere."butare widely spreadln cultivation; the Pomete also belong 
to the Northern llemisphcre; most iif the JRoseee and Sanguisorbeat belong 
to temperate and cold climates,* but k few are tropical. 

QualltleB^and Uses. —^'fhe s^culent friuts of many of the plants form the 
most striking feature of this'Urdnr, Variousgparts of the structure, but 
especially the seeds, yield inruCb hy'drocynnic acid in the Suborders 2)ra- 
pacew and Pomeee. The bark* and root of almost all ore bitter and astrin¬ 
gent, owing to the presence of tannin. Drupacete commonly contain a gum 
(resembling Oum Arabic) in the sap. This gum is the result of a patholo- 
gicid change in the tissues. * 

Most of the CkriiMditdamm have stone-fruits; that of C. leaeo (West 
Indies) is eaten'under the name of Cocoa-plum. 

Among the Drupacem we have the fruits;—^Almond (Amggdahts corn- 
mums)^ the Peach and Nectarine (A. persica); tlicPlum in all its varieties, 
such as Greengages, Bullaces, liamsons, &c. (Prmus domestiea, spinosa, 
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and varieties ); the Apricot (Pnmus anneiuaca) ; the Cherry ( Ceragtts avium, 
&c.). Ceratus Lauro-cerasm is the common “ Laurel,” or Cherry-laurel of 
our shrubberies. C. Imitamca the I’ortugdi LaureL Mauy of these plants 
contain a consiaerable quantity of anmt/dalirie, causing the foniiatiou of 
prassic acid when they are bruised. This gives to the seeds of the Bitter 
\ariety of Almond, and to all other seeds in tliis Suborder, a poisonous 
property, which exists also to a great extent in the leaves and shoots of 
the Cherry-laurel, the flowei's of the Almond, Peach, &c. The seeds also 
contain a fixed oil, which may be obtained by expression; anj that of the 
Sweet variety of the .\linoud is devoid of mm/ffwiline, and tlyis harmless. 
Pimwo! have succulent fi'uits, such as the Apple, Pear (l)/rwv Malm and 
conuumiii). Quince ( Cythmui vult/ark). Medlar (Mevpiltif) aemOmi/fa), &c., 
which have been brought into the edible'rondiUou by cultivation; when 
wild, they are mostly austt're, like those of the ilawtliora ( Cratifgm), of 
the Mount ain Ash (i 'urus A ua/paria), &c. The seeds contain amy^aline, 
aud therefore yield prussic acid; ns do also the flowers, bark, and root of the 
Mountain Ash. Quince-setris are valuable for the mucila^they contain. 

■ The Mtaem yield edible fruits, such as the liospberry and lilackberry 
{Jiubus ideetts laid/rtiticngm) and the Strawberry (Fragaria elatior, vexca,' 
Ac.). The petals of Hoses yield the essential oil called Otto or Attar of 
Hoses. Kousso (Bragera uidhelnwUica) is used as a vermifuge. Most of 
the Bm-ee have astringtmt bark and roots; some arc; unwholesome. San- 
l/uigorbeer have astringent propi'rties similar to JRnme. (luiHai<e contain 
in their bark a saponaceous principle, which renders them useful for clean¬ 
ing silk fabrics. ^ 

(Calycantuaceji! form a small Order, cousistiug of slirubs with oppo¬ 
site entire leaves, without stipules; sepals aud petals similar jind iudelinm ; 
anthers aduate and extrorse; cotyledons convoluteotherwise likeHosacem. 
The species arc natives of North America and Japan, arid-are chielly re¬ 
markable for the peculiarity of their floral envelopes, the coloured bracts 
of the peduncle passing insensibly or undistinguishablyiutbthecah'x, and 
this into the corolla j the segments of both are inserted on a fleshy tube 
suppoi-ting the stamens and suiTounding the carpels; convoluted cotyle¬ 
dons are only found in one Hosaeeous plant, Chamamdes (Pomea‘), hut aie 
characteristic of Combretacem. (.’alycanths stand between the liosacem 
aud the Myrtacem, mtd have,perhaps, a distant resemblance to Magnoliaceao, 
like that of Hosacetv to Ihuiunciduceai. Jlaillou places ^em 'witb Moni- 
luiads. Their wood is curious, tin* stem having four false woody axes 
around the real axis, giving the stem a quadrangidar character. The chief 
property is fragrance of the blossom. ClmnmantJmt produces yellow 
flowers upon the leafless branches during the winter. GafyeaiMwi jluridm 
has an aromatic bark.) , . ' 


LVII. MYRTACEJE. The Myrtle Order. 

Clast. Myrdflorss, EiuU. AH. Myrtales, ImdL Coh. Myrtales, Beath. 

et Hook. 


414. Diagnods .—^Trecs or shrubs with leaves opposite or alternate, 
entire, usually dotted, aud with a suhmargiual vein; flowers usually, 
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axillary, polypetalous or apctalous; calyx adherent, 4-5-cloft, val- 
Tate or imbricate, sometimes fallins off like a cap; petals 4-5, im¬ 
bricated; stamens 8-10 or numerous, rarely 4-5, distinct or jxdy- 
adelphous; ovary 1-, 2-, 4-, 5-, or 6-ceiled; style and stigma simple; 
placentas axile; seeds usually indefinite, exalbuminous; fruit dry 
or succulent, dehiscent or indehiscent. 


Ilbustuative Geneba, 


Tribe 1. Lei'tospebmexs. Fruit 
capndar. . 

Melaleuca, L. 

Eucalyptus, IIMt. 
Metrosiderus, R. Hr. 
Bceckia, L. 


Tribe 2. Mtrtexs. Fruit hai 
cate. » 

Pnnico, L. 

I’suliuui, L. 

Myrtns, Tuurnef. 
Eugenia, Micltel. 


Affinities.—^This Order is nearly related to the Kosaccm on the one 
hand, and to the Molastoinaceco, Lythrace.'c, and Ojiagraeo.-e on the other. 
The Lecythidaccre, the Chammlaucincea;, and some other smaller Orders 
mentioned below are often combined with the Myrtacea!; but as tlie 
plants belonging to them are less intcjresting, or less frecjiiently seen, it is 
convenient here to exclude tliiitu. in oifferto retain a very definite character 
for the Myrtacece propc'r. This Order is gcmerally known among epigy- 
nous forms by the Vein running round within the margin of the simple, 
entire, and mostly opposite leaves, uniting with the midrib at the end, 
together with the transparent glandular clots and the absence of stipulcvs 
and of appendages to the anthers. The fruit of Puiticii is very curious, 
and pre-seiits unusual conditions—a double circle of cariuds, whicdi by the 
mode of growth of the excavatcid receptacle come to be placed erne above 
another, so as to pre-sent two tiers of loculi in the fruit. The real nature of 
the structure maybe conceived by comparing it with the Hose, and by 
sdpposing the achones of the latter to become enlarged loculi containing 
piup. Bentham and Hooker put this genns into Ly thrace®; but its alliniticjs 
seem rather with MsTtles, of which it fonns au anomalous genus. 

DlstribnUoB.—A large Order, the nicmbei-s of which are distributed 
throughout tropical and subtropical climates. 

QuaUtles and XTses.—Generally aromatic from the prescmce of a volatile 
oil, some astringent, and othprs yielding gums or sacesharine juices. The 
Mi/rteee are reimirkable for their aromatic propcirties: thus Cari/npJiffHus 
aromaticuf furnishes the Cloves used for spi(»!, consisting of the dried 
unopened flower-buds; Eiiffenia Pimenta and E. aerie Allspice or Pimento, 
consisting of the dried fruits; the buds and berries of the common Myrtle 
were used in a similar manner by the ancients. This tribe also affords 
excellent fruits: the Guavas are yielded by species of Pmlium, chiefly 
pomiferum and p;/rife-rum; the Rc»e-applo8by iJ» 5 'c»»»»»in^iccen«s, JtiinJos, 
aptea, &c.; the Pomegranate, Punka Clrifipekmi, the rind of which is a^o 
valuable for its astringent properties, whioh cause it to be used both 
medicinally and for tanning. Among the Leptnepermete, the Cajeput, 
Melakuea CajepuU, is well known for its acrid volatile oil, obtained by 
distillation from the leaves. Metromleros is a genus some of the species 
of'whicdi form very strikiiig features in the ve^tation of New Zealand, 
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M. httxifdia and other species, called AH,_ Rata, &c., overgro-wing trees, 
like the Ficus indiea, and themselves ultimately becoming exceedingly 
iiard-wooded trees. The Etiea/j/pti of Australia are still mon* remarkable 
in many respects: some of them attain a height of 200 feet or more, and 
a diameter of 10 to IS, rising to 100 or 160 feet clear of brandies. The 
liiirk of some of them separates in fibrous layers, whence they have derived 
the common name of Stringy-harks. They are also called Gum-trees, 
from containing a gummy or saccharine sap, occasionally of astringent 
character. F. robuslu secretes a red gum in the interior of the trunk; 
from E. mannifertt a saccharine substance like manna is obtained. E. Gmtut 
yields, when tapped, a sweet fluid, which is fermented into a kind of beer. 
E. rcmiifcra furiiislies an astringent substance known os liotany-Bay 
June. Other species also contain a sufiicient quantity of tannin to he of 
conimorcial imporiancc. The leaves of some species of Leptvspermum and 
Melaleuca are used for Tea in the Australian colonies. 

Many of the Myrtwuue are cultivated on account of their beauty. The 
common Myrtle, a native of Persia, naturalized in Southern Europe, bears 
our winters, and flowers out of doors in the south-west of Englmid. It 
ailbrds many beautiful varieties in cultivation. The species of MHromleros, 
Callisletiioit, &e., sometimes called liuttle-brush plants, have very curious 
and sliowy blossoms. The Pomegiunate flowers and fruits in sheltered 
places, and bears a very brilliant blossom. 

(IjKCYTHinAOEJK oTo chiefly distinguished from the Myrtacese (with 
which they are unitiid by Reniham) by the dotless foliage and the hood¬ 
like pololoid plate, cons'isting of cxmcreto stamens, covering the middle 
of the flower. The species are usually laige trees; their fruit is very re¬ 
markable, consisting of a laige woody case, the top of which sometimes 
separates like a lid whence they have been calle^ Monkey- 

pots. Thoj'are chieflv found in Guiana an& Brazil. The Brazil-nuts of 
commerce are the seeils of Eerthullefia excelsa, and are formed inside a 
large rotmd woody seed-vessel. CouroupUa fftiianensis, the Cannon-hall 
tifo, yields a fruit containing a pulp agreoablo when fresh; the shells, 
like the “ pots ” of Zecptliis, are used for domestic purposes. The 
bark of Leci/this Ollaria and other species is separable into fine papery 
layers, used' for wrapping cigare. L. Ollaria is one of the giants or the 
Bniziiian forests; its st'cds are called Sapucaya-nuts.) 

(BAnniNGTONiACE^ ai-e a small Order of tropical trees and shrubs, 
placed by most authors among or near the Myrtacefe: their foliage agrees 
rather with that of Lecythidaceai, although without stipules; hut their 
flowers are destitute of the hood. The structure of their seed&has been 
misunderstood: they are destitute of albumen, and consist chiefly of a largo 
axis with miunto cotyledons. They appear to have daligerous qualities, 
Humboldt aud Boupland relate that vvdion the frvdt of Gustavia speeiosa 
is eaten by children their skin becomes yellow, hut-the discoloration dis- 
apmiars in a day or two without any treatment. Earringttmia and Gui- 
Uma are met with in cultlvatioii as large and showy stove-shrubs.) 

(CnAMASLAtrciACKis are a group of Australian shrubs, of heath-like 
aspect, distinguished from Myrtacese proper chiefly by the fringe of scales 
or bristles which frequently surrounds the tube of the calyx (whence the 

It 
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name of Fringe-myrtles), and bythe 1-celled (rarely 2-seeded) pvnry- They 
have no known ut^ity. Genera: Chamatlaiudum, I)esf.; Dancini'o, Kiidge; 
Cahftrix, Labill. Some of the species are very ornamental as greenhouse 
plants, as the DartoitUas (Scdarmm) &c.) 

(BKLVisiACBin consist of a few species of handsome slirubs, belonging 
to the genera Napol<!ma, Palis., imd Aft^evatifhoH, Desf., formerly supposed 
to be related to Cucurbitacere and Passifloraceto, but appuinntly only 
forms of MyrtaceiB remarkable for the sevei-al concentiac gniiioyH'taluus 
circles of the corolla (or (sorona), the polyadelphous stamens, and hat 
stigma. Kapnleona impeiialk forms a large fruit, with an edible pidp and 
a nnd containing much tannin. The structure of the flower is curious 
and interesting. They are natives of tropical Africa and Brazil.) 


Okdes LVIII. IIHIZOPIIOEACE/E. Mangroves. 

Ckm. Calyciflorse, EnM. All. Myrtales, Lindl. Coh. Myrtales, Ei-iUk. 

et IToofe. 

416. Diagnom .—Trees or shrubs growing on muddy stja-sJiores (fig. .‘{(iO), 
with opposite leaves and deciduous convolute iuterpctiular stipules; 

Fig. .•!(!!>. 



flowers with an adherent calyx, 4-12-lobed, the lobes sonuttimes cohci^t, 
yalvate; petals equal to the calyx-lobes in number, springing frpm^e 
calyx; stamens perigynous, twice or thrice as many as the petals; ovary 
2-, 3-, or 4-celled, each cell with 2 or more pendulous ovules j fruit 1 -seeded, 
crowned by the calyx; seeds exolbuminous, germinating and forming a 
very long root before the fruit falls from the t^. 
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Bhiiiophora, Lum. \ lirugiiiura, Xant. 

AiHiiitics, &c, —^This small but inturt'Sting Order nonsists of about 20 
a)K<ci<s!i, of very distinct liabit, but somewhat complicated in their iillini- 
I ies, a(jfreeiii{' with the MyrUiceas, Melastomaceie, Vochysiaceaj, aud Com- 
bn^lacejB in many n-spects, while there is a relation with Lythraceie, 
Oiinoniata^Hi, ite. in olhi'rs Ktidlicher, as well as iSenthom and Hooker, 
place here Casxiponrea and Leymifix, which connect this Order with the 
last two; Liudluy reters the L'a.is!/Jourf<e or LoyitoUdtc to the Loganial 
Alliaiure. 

The strikinif featufe of this Order is the germinalioii of the s(>eda within 
the fruit while still attached, the roots usually descending to tho mud 
and establishing thenisi'lves befoii; the plumule, emerges. The trees also 
continually send out arching adventitious i-oots, wliich strike and become 
new trunk's, like tho.se of tlie Ficm iudiea, forming the Mangrove-swamps 
of tropical estuaries. The fruit of Jlhiso/i/wra Mant/le is edible. The 
bark is generally viiry astringeiil in this family. The wood of the radicles 
contains curiously branched wood- or liber-cells. 


Order LIX. VOCIIYSIACEiE. 

C/mw. Calvclflurie, Sudl. AU. iSapindales, Lhidl. Coh. Polygolinte, 
Henih, ct littok, 

410. DiagHom .—Trees or shrubs, with resinous juice and mostly oppo- 
siU‘ entiixi leaves, with glands or stipules at the base; flowers perftict, 
irregular; calyx aud corolla imbricated, of unequal pieces; stamens 1-5, 
usually oppositif the petals, arising from the bottom of the calyx, mostly 
only o'ne fertile, with an ovate 4-ceiled anther; ovwy free, or pirtly aif- 
lu'reut, .’l-eellcd, with axihi pluceiita.s, or 1-culled with 2 basilar ovules; 
seeds usually winged, without albumen. 

li.niSTnATiVK Orneba, 

Quolea, .JuM. | Vocliysia,./«»«. | Salvertia, 

Affinities, Ac,— A small Order, the members of which are natives of the 
equinoctial regions of America, aud am known chiefly os timber-tiees, 
often with largo showy blossoms. Their afliuities are obscufie. Some 
authors regaitl them as related to tho (Jlnsiaceie, others to the Viohmeas 
and the I’olygolacete, near which latter they are placed by Henljham aud 
Hooker. On account of their caiyciflorous strufture they are uau^ly 
placed near Combretuce«e. 


Order LX. COMBKETACEJS. 

fJlms. CfttycifionB, Att. Myrtales, Lmdl. Colt. Myrtales, Benth. 

et Hook. 

417. IHagnom .—Trees or shrubs, with alternate or opposite, exstipnlate 
leaves, not dotted; flowers perfect or diclinous by abortion; calyx adhe-< 

x2 
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rent, with a 4-6-lobed decidnous limb; petals 6, calyciflorons, or absent; 
stamens perigynous, 6,10, or 16, mostly 10; ovary 1-celled, with 2-4 peu- 
dnlons ovules; style and stigma simple; seeds exalbuminous; cotyledons 
convolute. 

Illustbativk Gjsnera. 


Tribe 1. Tkkminai,ik;r. Umitdly 
apetdUma; catyhdong courdktte. 
llucida, L. 

Temiinalia, L. 

Pentaptora, Itoxh. 

Tribe 2. (Iombhetk^b. Corolla 
premit; cotyledom jdaited. 


Oombretum, Uiffl. 
Quisqualis, JRumph. 

Tribe 3. (ivnocAnPK.E. Apeta- 
lmt»; entylrtloM convolute; anthero 
bursHtiy by recnrtvd valves. 
U^TOcalpus, Jaeq. 
llligcm, 211. 


Afflnlttes. —Related to Myrtacem, especially through Pimiea, but dislin- 
gpiahed clearly by the uniloculnr ovaiy and 1-seeded fmit. The structure 
of the flower allies the Order to Onagraeem and Uhizophoracere; the a])e- 
talous forms approximate in some degree to tlie Sautalaceie and Lau- 
racero. 

Dlstribntlon.—An Older comprising upwards of 200 species, generally 
distributed throughout the tropics. 

Qualities and tfses. —The general property is astringoncy. The bai-ks 
of Jiueiiia Buecras and Conoeurpus ntecmosa and of various Terwinnliie are 
used for tanning. The fruit of Termimdiu bclerira, the Myrolmlan, is 
astringent and tonic. A hind of gum is obtained from the bark of T. bele- 
riea and Vomhretum altemifoltvm. T. Bmstnn has a milky juice, which 
hardens into a fragrant guih-reaiii, used as incense in the Mauritius. The 
seeds of T. Catappa are eaten like almonds. Many of the plants are valu¬ 
able timber-trees; and a number are cultivated on account of tlieir showy 
flowers. 


fALANaiACKAi are a small Order of e.xotic plants, timlxir-trees, or shrubs 
allied to Gombretacem, but having albummous seeds witli large leafy 
cotyledons, and there are differences in the corolla tmd stamens. Lindley 
considers the plants relatt'd in some degree to Myrtaceie, Mclastomac^ie, 
and Ouagracese, Wt, with Eudlicher, thinks ’that, after Oombretaerew, their 
nearest relatives are probably Comaceoi and Ilamamelocea!; Renthom and 
Hooker group them with Coninccae. The succulent fruits are edible, but 
the plants on the whole are. of little importance. Genera: Alanymm, L.; 
Marha, Roxb.: Nyssa, Qronov., &c.) 


Ordeb^LXI. MELASTOMACEiE. 

Class. Myrtiflorce, Bndl AM. Mwlales, Linitt. Coh. Myrtales, Benth. 

d Hook, 

410. JHagnom. —^Myrtle-like plants, with opposite curved-ribbed leaves, 
ahoww flowers, delinitc stamens with remarkable appendaged antliers, 
bursting pores at the apex. Seeds very numerous^ minute, ex- 
Blbaminous. 
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Illustbativk Gknjsba. 

Oenti-adenia, Don. Kbexia, Nutt. Miconia, DC. 

Melostoiua, L. Modiuilia, Oaudioh. Memecvlnii, L, 

Usbuckia, Z. Sonerila, Soxb, Mourina, Juai, 

AHinitiea —A laif'H pruportioTi of these plants are distinmiishahle at first 
.si^lit by the several lar<^ curved ribs running from the base to the ape.\; 
ot the leaves; but this character does not hold in Menuxyhn or in 
Mourirm. In Memeeylea, also, the usually flat cotyledons are convoluted, 
as in Comhn-taceai and exceptional Myrtaceas; Mourirm hm the ribs of 
the leaves iDeouspiewous. The most striking character of the flower lies 
in the stamens with their oddly beaktal anthers, lint the Order difiers 
from the M.>Ttiiceie also in the contorted (estivation of the corolla. 
On the other hand, they are allied to the Lagerdraanieee among the 
Lythracete, from which, however, the imbricate or twisted aestivation 
ol the calyx and the characters above noted sutficiently distingiush 
them. 

Distribution.— A large C)rder, the species of which are generally diflused 
within the tropics—a few also in Korth America, China, Australia, and 
N. Iwlia. 

Qualities and Uses. —The inemhcrs of tliis large Order seem to he all 
harmless; and the prevailing (diameter is slight nstrinp;ency. Many yield 
edible succulent fruits; the naiiie of Melanoma is derived from the fruit 
staining the mouth black. The most striking peculiarities about the Order 
are, perhaps, the beauty of tho flowers, and the curious ribbed appear¬ 
ance of the foliage. A large number of species are cidtivated in this 
country, some os ornamental-foliage plants, others for the sake of. their 
flowers. 


Okdeu LXII. 0NAGRACE.(E. The Evenimg-Phimrose 

Order. 

Clnss. Calycifloroi, Endl. AU. Myrtales, Zindl. Colt. Myrtales, BentJi. 

et Hook. 

419. Dtagmsin .—with (sometimes 2-3-me- 

rousj flowers; tho tuD^On^oI^ (of tn^recepacle) adhering to the 
2-4-celled ovary, calyx-teeth valvate in the bud, or obsolete; the ^igynous 
petals convolute; stamens as miuiv, or twice as many, as the petms, and 
inserted with them; ovary 2-4-celled; styles upted; stigma capitate or 
4-lobed; fruit capsular or succident, with 2-4 cells; seeds numerous, 
without albumen. 

Illustrative Genera. 

QiSnothera, L. Epilobium, L. Lopezia, Cav. 

Godetia, H^tach. SBnnera, Forat. Circesa, Tournef. 

Clarkia, JVirsA. Fuchsia, IHmii. Trapo, L. 

RSnitlas. —Onagrads are allied to Haloragese, but differ in their often 
coloured calyx, absence of albumen, and simple style, from Ihipa in their 
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convolute imbricate corolla, from Combrctacere by their plnrilocular 
ovary. The parts of the flower in thia Order are sometinies 2-raorou8— 
Ctrem, while in Lopma only one stamen exists. Sometinies the petals 
are absent; and oeea.sionaIly the flowers are nnisexn.al. Trapn is a genua of 
water-plants sometimes placed with Haloragneeie, from which, however, 
its single style and exalbiiminona embryo separate it. The floating leaves 
are flat, weilge-ahaped, and entire, while the submerged ones are cut up 
into numerous very fine segments. The germination of Trapa resembles 
that of some endogenous plants. 

Dtstrlbutton,—The Order consists of a considerable number of species, 
natives chiefly *of the temperate parts of Europe, ^'orth America, and 
India. 

QoiiUtles and TTscs.—Jlarmleas, sometimes slightly astringent The 
berries of some Euchsias ore edible. They are best known by the nume¬ 
rous garden plants belonging to the Order! most of which are very sliowy. 
Epilobiiim has many native species, which are mostly weeds. K rniffwili- 
folium, however, and E. himihmi are tall and handsome plants. Some 
of the (Kiwfhmr arc called Evening-I’rimroses, from the yellow flowers 
opening in the evening. Trapa produces a largi' homed fruit with amygda¬ 
loid seeds with unequal cotyledons. T. iiataim is the Wafer-chestnut of 
the French, llie seeds of '/'. bUinnana, the Siiighara-nut (Kashmir), and 
T. hieornk (China) furnish important articles of food. 


Order LXIIT. HALORAGACEiE. 

Class. Oalyciflora), Endl. All. Wyrfales, Lindl. Coh, Rosales, Benth. 
d Hook. 

420. ^^(jujjttejJji^ small axillary 2-4-merous flowers, 

often imperfect; cornt aanerent, its teeth obsolete ; petals often wanting; 
stamens 1-K; fruit indehiscent, 1-4-celled, with a solitary suspended st'ed 
in each cell; albumen fleshy. 

Il.I.TTSTnATIA'E GeNKRA. 

Hippuris, L. I Myriophyllum, Faill, | Haloragig, Forst. 

Affinities, Acr—Tlie Ilalomgnce® ere distinguished from Onagraceac by 
■ the reduced calyx and the solitaiy pendulous and albuminous seeds j the 
corolla is absent from Hippuris and Proserpinaca. The former genus has 
a very simple flower, cotfcisting merely of an adherent calyx with a veiy 
short limb, an ovary of one carpel, and a single stamen. _ The whorlecl 
foliage of Uijypuris and the Mi/riophylla is very curious, giving thirst 
somewhat the appearance of an Ejuisdum, while' the latter are almodPlike 
some of the branched freshwater Algro. Mo.st of the Order are aquatic; 
but Halmif/is and Lmidouia are temstrial and more or less shrubby. 
They are universally difl'used, but generally of little importance. 
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Order LXIV. LYTIIRACEiE. 

Class. CnlycifioriB, Endl. All. Saxifragales, LinM. Ca&. Myxtales, 
Benth. et Hock. 

421. Diagnosis. —Herbs, sbnibs, or trees, with 

no stipules; the calyx enclosing’, but fre^roin7ihor5^SlHd^ 
mii^y-scedcd ovaiy and incnibmnnus pod, and bearing tlie 4-7 deciduous 
cugjnjjl^jjJjjeJjjjj'and 4-14 stamens in its throat, calyx-lobes ralvate; 
tnestainens lower tlown; style ] ; stigma ciipitate, or rarely 2-lobcd; 
capsule enclosed in the calyx, dehiscent: seeds numerous, exal^ugn- 
nj^. 

Ii.iiDSTUATn'K Genera. 

Peplis, L. I Lythrum, L. I I^a'wsonia, L. 

Ammannia, Houst. Cnphua, Jacq. | Lagerstrcemia, X. 

Affinities. —In habit, as also in the striated calyx, these plants have some 
sliglit resemblance to IjibiatiC; but their nearest relations are, on one aide, 
with sevi'ral (JalyciHoml Orders (from w'hich, as ()nagra(;eae and Melasto- 
iiiaenn;, they diller most strikingly in the supf'rior position of the ovary), 
and on the other witli Siutifiwgtuann. l''rom Khizophoteffi they differ in 
their want of stipules and in their numerous ovules. From Myrtles, 
besides the above eluuRcters, they may be distinguished by their valvate 
calyx. 

Distribntion.— A considerable Order, the members of which are generally 
dift'usud, th<! trils! Lagcrstrainieee tropical. D/lhntm Saiiraria, a common 
Pritish plant, is n'miu-kable for being found as the only representative of 
the Order in Australia. Its flowoi's are, according to Darwin, trimoi'phic, 
the stamens and stylos being of three di fferent lengths; two of these forms 
ccH!xist in the some flower, and have different sexual functions. 

Qualities and Usea —Many of the plants have astringent properties; 
several are valuable os dyea Lawsonia inennis is the celebrated llennah 
or Ileune of the East, used by women to dye their finger-naila, hands, or 
feet of a biwvn-oronge colour; it is also used for dveii^ Morocco-leather. 
The flowers of Gi'islea tmiwiitosa are also u.sed for dyeing in India. Ant- 
mmnia vesieatoiia is acrid, and has blistering properties. Phgsocalgmma 
fioi-ilmiula, a Brazilian tree, has a beautiful rose-coloured wood. (Mphea 
contains many favourite cultivated species. Bentham and Hooker place 
Pimica (the Pomegranate) in this Order; but it would seem to belong more 
nearly to the Myraes. 


Order LXV. SAXIFIIAGACE^. Saxifrages. 

Class. Comiculatso, PndL AU. Saxifrag^oles and AU. Grossoles, lAnJl. 
Cuh. Bosalus, Jientk. et Hook. 

422. Diagnosis, —Herbs, shrubs, or trees, with the pistils mostly 
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fewer than the petals or divisions of tlie calyx (usually 2, coherent 
below, and separate or separating above); the petsils 
sometimes wanting), nitli the (mostly 4-10) sta¬ 
mens, inserted on the calyx, which is either free 
or more or less adherent to tho 1-4-ccIlod ovary 
(fig. 370). 

‘Character, 

Calyx 6-partcd, more rarely 3-, 4-, or lO-parted, 
more or less adherent to the ovary. 

Corolla: petal* imbricate, perigynous, equal in 
■“ Bw r n hw to tha segments of the ealyx, and al¬ 
ternate M'ith them, rarely absent. 

Stamen* inserted with the petals, equal in num¬ 
ber to them and allemato, twice iis many, or indefinite. 

Ovary mostly of 2 carpels, more rarely of 3 or 4 or 5, more or less 
united into a 2- or more-celled ovary, usually half or wholly 
inferior; placentiis axilo; styles as many as tho cells of the ovary; 
more or less coherent. 

Fruit usually capsular, dehiscent: seeds Ino^lly numerous, small, 
with ilcsshy albumen. 

This extensive group of plants is divisible into four Suborders, 
which are by some authors regarded as distinct Orders :— 

1. SAXiEBAOEiE. Herbs: stipules absent or adnate; jxjtala ind)ri- 
cated, or rarely convolute in the bud; calyx free, or partly adlierent. 
ovary 1-3-cclled. 

2. Ebcallonie®. Shrubs with alternate simjdo glandular leaves 
and no stipules; calyx imbricated in tho bud. 

3. PniLAUELruEJB. Shrubs with opposite simple loaves and no 
> stipules; ciilyx valvato; stamens opigyiious. 

4. CtJNONiEN!. Trees or shrubs with opposite or whorled, simple 
or compound leaves, and large intorpctiolar stipules; petals never 
valvate. 


rig. .3ro. 



Fi;;. 'tTO. 

thf fl<iw<*r of 
Swrifroga, 


IlLUSTBATIVB fiENEnA. 


Suborder 1. SAXiFnA6E.£.. 
Snxiffaga, Z. 

Suborder 2. EscAnnoNirLS. 
E^callonia, Mut.is. 


Suborders. rnn.ADKi,rnEJE. 
Philodelphus, L. 

Ueutsia, Thtmb. 
Hydrangea, L. 

Suborder 4. Cunonie.®. 
Cunonia, L. 


Aflbdtiea.—^Tho relations of this Order are somewhat complicawu, m 
consequence of tho variety of conditions existing among the genera. The 
herbaceous Saxifragex are related to the Crassulacese in several respects, 
but differ in hahit and in the absence of hypogynous glands—and also to 
llosacess, through Spirxa, AMilbe, &c.; from these, DmUsia leads tO the 
shrubby forms, where Philadelph-us manifestly approaches the Myrtaceie, 
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while the intiorescence of Hydrangea ia like that of aome CaprifuliaceiB. 
Tilt! Cuuoniem are scarcely diatin^iiahed, exce^ by habit, from the Sa.ci- 
frageee; the Hncallutueee, iiaaaing olffium the I%i^idphea!, ata ndated to 
Uibeaiaccin, and more distantly to those Ericace® with an inferior ovaiy. 
BriniiaceiB diiler in their dicoccous fniit; Saxifrafrace® are closely allii^ 
to Ijvthracew, but in the latter the embryo is exalbuminoua. Vantamm 
is referred here by Hooker, but seems more closely to nssemble Ih’jjeri- 
caee®. The Australian Pitcher-plant (^Cephahtm foUietdarw), the leaves 
of which aie tubular, with a lid closing the tube, belongs to a genus closely 
allied to Saxifrages, (specially to the apclalous oues. hkom Bosace® it 
differs in the presenu) of albumen in the seed. 

iMstrlbution.---A large group; tha Hwifriigcfii are northern and alpine 
plants; the liacallouieee are cliielly mountain plants of South America; 
the IVnhdelpheee belong to South Europe and the tiimperate regions of 
Asia and America; the Ctmmie<e occur in the East Indies, the Cape, Aus- 
tmlia, and South America. 

Qualities and Uses. —No importimt properties are attributed to this 
Crder; a certain degree of ^stringency prevails in Na.vifrage<e and Cuno- 
niufe. Their chief merit consists in the beauty of the many cultivated 
species of alpine herbs, and of the hardy and haff-hardy flowering shrul». 
The Saxifrnge.s, IJeittzia, Hewliem, and Hscalloim, Hydrangea, and others 
are familiar U) every one. Phileulelphne coronarim, the “ Syringa ” or Mock- 
Craiige of our sluriibberies, a native of the south of Europe, ia renuu'kable 
both for the beautiful flowers (the sweet iierfume of which depends on the 
presence of an essential oil) and the peculiar flavour of the foliage, re¬ 
sembling that of the encumber. 

(The giinus //Biw/oi’ia.Wall., onc^e considered to be allied to Soidfragnce®, 
timis out to be identical with Cn/pteroma, Bliiine, which is included 
ill liVthraceiC by llenthain and Hooker. The genus consists of three or 
fimrti-ees of tropical India, related iipparently to miadelpheee, by Hy¬ 
drangea, and iiioie closely with llrexiace®, but that they have opposite 
leaves. In habit they resemble Caprifolium.) 

(FnANCOACKJK is on Order composed of Chilian herbs with the habit of 
Saxifrages, and flowers 4-iuerous throughout calyx, corolla, stamens (in 
several circles), and carpels. Some authors consider them nearest to 
Saxifi-agace®, others to {,’i'as.sulaceiB, others to Bosace®; Lindley believes 
their nearest affinity is to Oroserace®. Genera: Frmtcoa, Cav.: TetiUa, 
DO.) 


Oku£r LXVI. CRASSTJLACE.®. The Stone-ckop Ohheb. 

6’^ Oorniculat®, Eudl. AU. Violalcs, Littdl. Cuh, Bosales, BeiAh. 

' et Hook, 

423. Dlagmsk .—Sneoulonti herbs or low shrubs with perfectly 
symmetrical flowers, the j^tals and pistils equalling the sepals in 
number (3-20), and the stamens as many or twice as many; albumen 
fleshy. 

N 5 
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Character. 

Calyx free, mostly S-partod, Rirely S-lO-jiartcd, imbricated in the 
bud, persistent. 

Corolla : petah as many as tlic lobes of the calyx and alternate udllj 
them, distinct or united below, emerging from the bottom of the 
calyx, imbricated in ipstivation. 

'Stamerut as many as the ])nfals and alternate ■with them, or twice as 
many (in 2 circles), free or adherent to the (coherent) petals. 

Ovaries: rarpek in a circle, ns many as the jietals aijd oppo-site to them, 
often with a glandular swilo at the base outside, distinct or more 
or less coherent; placentas at the ventral suture: styles distinct; 
stiymas on the inside. 

JFi’uit: a circle of drj' follicles, or a capsule bursting at the dorsal 
sutures or by the sejiuration of the walls as v.'dves from the septa: 
seeds varying in number, very small; ('mbryo in tlie axis of fleshy 
albumen. 

Ti.i,usTnATivK Okxkba. 


Suborder 1. CiiAssrcuj?. Ihd/s 
foUivular. 

Tilhen, Mieh. 

(Irnssula, llaw. 

Hrvophvllum, fktliilb. 
Cotyle<lon, DC. 

Sedum, L. 


! Scinpervinnn, L. 

I Suborder 2. Diamoiumiu.’k. Car- 
jiels coherent into a jihirihsotltir 
cajisfde. 

IKamoqiha, XiiU. 

I’l.-ntlioruni, /.. 


Affinities. -This very peculiar Order appears io be nearlyrehited to the 
Sn\ifi'ng!ice:e, especially by the genera with riipsiilar fiuit; and on the 
other hand to Paronvehi’aceie and hence to Oarvophyllacea'. They 
arc most I'eiunrloiblu for their sucenlerit folia"!', possessed of a ])owor of 
subsisting almost entirely on atmosjdieric eh'iuents, and resisting most 
obstinately the influence of heat and drought. They are exwtHlingly 
tcnitt-iousof life; and Itn/ajdiyUim in piirticulnr is celebrated for the apti¬ 
tude of its leaves to pwaliice advenlitioiis buds {§ 10!l) wlnui separated and 
pbu'cd in favourable cireumstunces. Tlie symmetrical construction of tbo 
flowers is likewise very interesting to the botanist, and has Wn dwelt on 
in the Alorphologieal Part of this work (§ 147). Tludlousoleek, iSrow/w- 
vimm f-eotorum, occasionally produces monstrous stamens, with ovules in 
place of pollen. 

Disfribatlon.—^Thoro are a considerable number of species, gi'iierally 
found in the extratropical regions, in very dry situations, and especially 
abundant at the Cape of flood Hope. 

Qaallties and Uaes.—1'hcir properties are mostly unimportant Sedmn 
ocrc, the_ common yellow Biting Stone-crop of our walls, is so called from 
its acridity, and is roid to be emetic and purgalive. Some are eaten; 
others used as refrigerants. Cotyledon UmUUnts has been used in 
‘epilepsy. 
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Ordek LXVII. I’ARONYCHIACEyE ou TLLECE- 
BRACEJ?. 


Oans. Gai-j’ophylluias, All. Silcnales, Lwdl. Coh. Chcnopodial*!H. 


42-i. lliajjmxix .—Herbs or shrubs with mostly opposite leaves and often 
scarious stipules, niiiiotc flowers, with S- or iiiore, rarely 3- or 4-nicroiis 
ealy.v; ])elals small or abscmt; stamens on the enlyjt, 1-10; ovary 1-, 
rarely O-celled; ovules numerous on a free <!entral placenta, or s<»litary 
on a loiip: fnnh'ulus from the base of the ovary. Seeds albuminous; 
embryo curved. * 

1li,itstiiauive Okxetia. 


Suliord. 1. I’AnONYCUlKyK. Mt//( 
xrnrions xlipidex ; xlumrm ojtpomtc the 

XfjUtlx. 

C'orripohi, L. 

)’nrony<-hia, ,hixx. 

Ilh'cebnmi. (trerhi. f. 
♦I’olycaipim, Ixvjfl. 
iSper;ruliiria, Verx. 

S)« r”:iila, L. 


Rnl)ord.2. Sci.ERANTnE*. With¬ 
out xtipulex ; enh/.r with an imluraiM 
tube; prtalx none; xtatmtnx oppoxite 
the. xipalx. 

Seleranthns, T. 

Suborder .‘5. M()JA.r<jnfEA!. Sta- 
I nienx alfenaifr irilh the xepalx when 
equal; if fewer, alternate teith the 
eaipelx. 

Mollupro. X. 


Affinities, &c,—This Order consists of u;p\VHrds of a hundred species, 
and nuiv be rep-arded as a depen<>ration ot (’airophyllaeete, from whieh 
they dilfer in thi; possession of stipules, the thin pet.i]s &c. forming a 
transition to the n)MUalous (.'Inmopodimano and Ainaranthacwin. Tliey 
are also nearly ivhiU'd to Portnlaewea', diflerin;r from et)me of the. gri-ncra 
of that Order only by the poisition of the stamens opposite the 8ep;ds. 
Koine of them aix' sneenlent, lihe the Crassnloceje, but are distingulslied 
by tlie structure of the ovary. They ore mostly valueless weeds, abound¬ 
ing in baiTcn sandy tracts throughout the temperate regions of the globe. 


Order LXVIll. PORTULACACEiE. 

C’laxs. CaiTophyllinai, Mull. All. Silenales, Lindl. Coh. Caryophyflinae, 
Jlenth. et Hook. 

425. IHagnnxm. —Herbs with succulent leaves and regular UTOjanmotrical 
(lowers (sepals fewer than the petals); sepals 2, rarely 5 or 5; petals 
mostly 6 or 0; stamens oppisite the petals when of the same number, 
but often indefinite. Capsule 1-5-celled, with few or many seeds on long 
funiculi from the. base, or on a free central placenta; embryo curved; 
round floury albumem. 

Ij,i.rBTEATmB Geitera. 

Totmgonio, L. Portulaca, Tmimef. Claytonia, X. 

Aizoon, X. Talinum,.<ldans. Montio, JfuM. 

Sesuvium, X. 

Afflnltieg, Ac.—This Order, as here regarded, has various relations, and is 
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not well defined. It appronclies veiy closely to Caryopliyllnceaj tliroiifrli 
I'aronycliiaeeso, but may be distinfi^uisbed bv the 2-pnrted cnlyx and the 
nimibor and position of the stamens. Like I’aronycliiacwo, the members 
of this Order aro nearly related to the proper a|X!tnlous Orders, Cheno- 
podiacteo! &c. Ijndley separates the Tcfraffotiieo!, Aisui^erf, and Semvine 
m an Order called Tetrajroniacere, difterinjr from Portuhicaceto in their 
apetelous flowers, multilociilar ovarr, and distinctly perifrynons stamens. 
Portnlacacoio would thus be d(dined chiellv by a S-sepalous caly.'t, hypo- 
nrynous or rarely perigj’nous stamens, and 1-celled ovary. IJcntham and 
liooker refer the Tetmj.'onieiO to Mmmibrvanthacea', from which they 
difler in their ajjetalous flowers. Po)inlaca\» excopticmal in its partially 
inferior ovary and peri'.'ynous staimms; hence the Ordor, ns a whole, is 
considered bv Hentham md Hooker to belonf' rather to the Thalamidorio 
tlum to the Clal^’cifloras. Tlio plants of this Ordor are generally difliised, 
in waste, dry places. Portiilnca oleraeea, Purslane, is an old-fashioned 
pot-herb; others are used in the same way. Tetrm/onia ej-fmima fnr- 
nishes New-Zealand Spinach. Cla;/touia tubernna has an edible tuber. 
Many have showy but ephemeral flowers. Lcirkia rmlmea (Oregon) 
has a starchy root, nstid as food under the names of spalulum or spiVtlum 
and raeine amcre ; it is pmigcnt and aromatic when raw. 


Order LXIX. MESEMBJlYANTHACEiE or FICOIDEyE. 
Ice-plants. 

CYoss. Caiyophyllinaj. All. Ficoidales, Zmdl. Coh. Ficoidales, 
Bei^h. at lluok. 

42B. Biagnosis. —Shrubby or succulent herbaceous plants, with opposite 
simple leayes; sepals definite; pi*tnls veiy numerous; stiiincn.s indefinite, 
perigynous; oyary inferior or almost superior, many-eelled or!-celled; 
ovule's numerous, attached by cords to a free central phu-enta or to axile 
placentas, or to parietal phmentas spreading over the hack of each cell; 
seeds numerous; embryo cuiwed or spiral, on tho outside of mealy 
albumen. 

Illustkativt? Genus. 

Mesombryantbemum, L. 

AfBattier.—Very nearly related to Portulacaceae and Paronychiace®. 
From the former they difler in the parietal, not free central plimenta, 
from the latter in the position of the stamens, many-ecUed ovary, and 
dehiscence of the capiue. The structure of the ovary is carious, pre¬ 
senting very diiferent conditions in difierent raerabera of the ftruer; 
probably it is somewhat analogous to that of Oucurbitacen!, and the 
diyerse positions of the placentas depend on the degroe^of involntion of 
the carpels and the disruption of the septa. Tho panetal placenta, 
together with the presence of numerous petals, sen'e tin indicate a rola- 
tionship to Cactace®. Bentham and Hooker refer to this Order 'Ptrago- 
ntea (see Portulacacere) and MoUugimifc (see Paronychiace®). Tho plants 
aro remarkable for their succulent foliage, accompauiod sometimes by 
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watpr-vesicloa or paeudo-^landa on the npidermia, whence the name of 
lce-])lant applied to Mexttnibri/mttliemvm cryxtulliimm. The ripe capsules 
are very hj'grometric, tlio vrivos opening when wet and closing when 
dry. 

bistrlbntlon .—X rather large Order, of which the majority belong to 
the sandy tracts of the Oape, but a few are found in S. Kurope, America, 
China, and the South Scoa. 

Qoalitiea and Ttaea.—The foliage of M. etliile ("Tlottentots’ tig) is eaten 
at tlu) Cape; M. rmarculmn acquires narcotic properties when ferraejited. 
Several are burnt for the soda-ash in Egypt, Spain, &n. The seeds of 
some yield a kind*of flour. 


Okdek LXX. PArAYACE.®. The Papaw Order. 

Class. I’ariettdos, JSmll. All. Papayales, Lindl. Coh. Passiflomles, 
Ji&tth. et Hook. 

427. Diai/wins .—^Trees or shrubs, sometimes with an acrid milky juice, 
alternate, lobi'd, long-stalked leaves, and diclinous, sometimes lienna- 
phmilite, diiOilamydeous flowers. Jlale fl.:—calyx free, minute, with 
r> teeth ; corolla inonopotalons, with 5 lolxis: stamens definite, cpipetalous. 
Female fl.:—Petals 5; corona filanientons or fimbriate, sometimes none; 
ovary free, 1-celled, with 3-6 inimy-seeded paiictal placentas; fruit suc¬ 
culent OP dehiscent; embryo in the axis of fleshy alhumon. 

IW.VBTR.tTIVK CkeKRA. 

Carica, L. \ Modecca, L. ‘ | Coratosicj’os, Nees, 

Affinities, tu:. —The presimt Order stands near to Oucurhitac«iB and to 
PassiflonuHse, dililtring, however, in impoitant rcispects from both,—since 
tho former have an inferior ovary and (t.\albiinuuou8 seeds: the latter, 
luTinaphrodite flowers and a characteristic CDrouet arising from tho tube 
of the flower, of a diflerent nature to the staminodes or sterile stamens of 
tho present group. Pentham and Hooker include it under I’assifloraceic. 
The I’apaw-tree, Carica Papaya, has a suecnlent fruit, edible when cooked, 
but the juict' of tho unripe fruit and tho seeds appear to be very acrid. 
C.du/ifata (llmzil) i.sregarded as a very dea^y poison, and its jiiice'hlisters 
tho skin. Tho spitcios of Carica are natives of South America, tho other 
genera ore Eaat-Indian or African. 

(Pangiaceje ore an Order of lu-borescont plants closely related to 
Papayaceto, diflering chiefly in being polypetalous, and by the female 
flowers having scales in the throat; the number of parts in the floral 
circles also appears more variable. They constitute a Tribe of Jlixace® 
in the ‘Oenera^Plantarum ’ of Jtentham and Hooker. They are poi.sonou8 
plants found in the hotter parts of Indio. Ilydnocarpm reneuatus is a 
native of Ceylon; its fruit produces dangerous intoxication. The seeds 
of Panyium are sometimes used, after boiling and extraction with water, 
as a spico, but even then have cathartic properties. Genera: Panyium, 
lleinw.; G^nmocarjxa, K. Hr.; Ilydnocarpm, Qtaxta.) 
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OiiDEB LXXI. PASSII'TjORACEiE. Passion-Flowers. 

dasn. Parietalcs, JEittll. All. Violalea, Ltndl. Coh. Passifloralea, 
Jlcnili. et Jlook. 

428. Dwt/nosist .—Clinibinpr plants, rarely cnirt Irtses, -with tendrils and 
foliaccoiis stipules; leaves and li'af-stalks ol'l<‘n prliuidular; llowera perfect; 
calyx r)-part(!d,witli nimieroiis tilanientniis procejwes spriiifrinfr from the lid)e 
of the flower (reef'placle), inside the li petals; stamens 5, iuoiindel]ihous, 
adherent to the sialic of the J-celled ovary, which lattef is fm* from the 
calyx, and has 2 or 4 parietal placentas and ns many clavate styles: fruit 
ino.stl\’ sneciilent, stallccHl; sooils numerous, arillate; embryo straight, 
in thin fleshy albumen. 

TixrsTUATiVK Gkxkiia. 

Smeathmannin, Soland. \ Pa.ssiflom, Jitnn, | Tetrapatlwa, DC. 

Affinities.—This Order, ■which re.senibles the Oucurbitaceu! in habit, has 
a further alliuifv in the, structure of the ovary, the nio.st niariced ditl'i-renee 
being the superior position of that organ aniZ the presence <d’ albumen in 
Passion-flowers. The coronet or wnailh of fllifonn organs between the 
petals and the stamens, and the gynandrophore b<>nring the stamens and 
ovary, mark this Order out very clearly, and ordinarily its flowers are 
perfect: but the genus TefnqHdhtmt ai»peara to connect it by a further 
link ■with ('iicurbitaci'ic, since the flowers are then* polygamous or even 
dioecious. It is closely allied to Samydacea*, in which, however, lliere is 
no corona. l''i-om Tumernds it diflers in the. gymindi-ophore, and mnn!e.s- 
cent not deciduous petals. The ndations to (kipparidimeiP, llixacete, aud 
Violaceso an; moni ivmotc. 

Distribution.—A considcmble Order in point of numbers: the gn?ater 
part are Soath-American and West-Indian; a few occur in North 
America, Africa, and tluf East Indies. 

<)aalitioB and Uses.—The pulpy fruits of many species of Vamflora 
(Oranadillas), several Tncupnio!, and of Puropnia pdulw are eaten: hut 
astringent pnjperties exist in the hiaves, while the roots of I'amflnra 
qttadnmgimrit and the flowers of P. rvhra arc narcotics. The beautv of 
the flowers and foliage renders this Order a very favourite one in cultiva¬ 
tion. Pnmjlura cmndea is h^y, but most of the other species and the 
Tacsonice arc greenhouse or stove climbers. 

4 

• 

(MAUBsiTEnniACEA? consists of a few unim-portant herbs or low shrubs, 
natives of ^hili and Peru, resembling Possifloracew in the structure of the 
flowers; but the coronet is merely a membranous ring, the styles arise 
from the backs of the carpels, anil the seeds are not arillate. Included 
08 a Tribe of the preceding Order by llentham and Hooker.) * 

(Turnkbaceai. TIerbs or half shrubby plants, natives of the West 
Indies and South America, with 5-merous flowers, deciduous contorted 
petals with no corona, and a 1-celled superior ovary with .3 parietal 
placentas; seeds albuminous, -with a strophiole or falsi! aril. They-appeor 
to form a link, through Mnlesherbiaoem, from the Passifloracex'&c. to 
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parietiil Thalamifloral Orders, such as Cistaceas. Tliey have tonic ana 
aromatic properties. Genera: Tuniera, Plimi.; HriqnHa, Aubl.) 

(Samypackjs fom a tropical Order, chiefly of American plants, of 
somewhat doubtful place: apparently they stand nearest to Tlixace.t' and 
tlie 'riinlaniilloKe with parietal placentas; how(!ver, they are api'talous, 
and the stamens are perigymoiis, which ndate them to a difleront set of 
Orders. One of tln'ir most strikiiiff peculiaiities is the presence of both 
round and linear pellucid glands in the leaves. The bark and leaves ol 
till' plants arc! astriiifrent, and those of species of (Jasearia are used in 
Jtruzil as febrifugj' luedicimvs,) 


'Okdkr IjXXII. CUCUllBITACHJlt!. TheC ticTTMBER Order. 

Clan*. Peponifer.'c, Endl. All. (biciirbitales, Liudl. Coh. Passifloralos, 
* Itmth. H Hook. 

.4tl0. Jimijnosis. —mostly succulent, prostrate 
or olinibing, wi^^^ffl|mncavcs3iernate; fow ers dioecious or 
monojjijoj^; tnoiiowcr^iho adherent to thc^^-cclled ovary, 
coinlunnonc; and the 15-5 stamens commonly more or less imihsl 
by their ofh'n sinuous anthers as well us by their filaments. Fruit 
a ]K‘po, or, more rarc'ly, a succulent berry. Placentas confluent in 
the iixis; ulbumcii none. 

CJuiracter. 

Cuhj.r adherent in the female flowers, 5-toothed, sometimes without 
a limb. 

L'orollti of distinct valvate. lud als, or 4-5-partcd, sometimes fringed; 
Fir. 1571. 



Fig. 871. Pmole flower of CWeurftt/a. 

^g. StHzninal eolomii of male flower cS Gottrd. 
Fig. 378. Bectiem <^the fruit of the Cucomber. 


280 


smKMATIC BOTANY. 


springing from tho calyx, and with the lobes alternating with 
those of the calyx. 

{J. Stamens o, springing from tho corolla and alternate with its seg¬ 
ments, more rarely 3 or 2, sometimes free, monadolphCns, or more 
fteqncntly triadelphous, with 2 pairs and 1 odd one; antiiers 2- 
ccllcd, usually long and sinuous, or bent upon themselves laterally 
(fig. 372), sometimes straight, free, or combined. 

2. Ovary inferior (fig. 371), 3-celled; usually with 3 placentas ])lacod 
pariotally, but on the involute margins of the car{)el8 so as to meet 
in the centre (fig. 373), sometimes with 2 placcfltas and 2 erect 
ovules, or 1-coIled with a solitary pendulous ovule; style short; 
sfiymis thickened, papillose, lobed or fringed. 

Fniit more or less succulent; a jicpo with a firm rind, or a jniey 
beiry with a thin skin; seeds mostly flattened, with a succulent 
or mcmbi’auous coat over tho leathery or homy testa, which pre¬ 
sents a marginal ring or keel; endiryo fiat, without albumen. 


lLi.rs f «i« x » a ' Qjw w 


Seriesl. PLAaios?lBMF.iB. Ovules 
horizonttil. 

Tolfoiria, Sbok. 

Feuilltea, L, 

Anguria, L. 

Drvonia, L, 

Mukia, Am. 

Citrulliis, Feck. 

Ecbalinm, Z. C. Rich. 
Moiuunlica, Z. 

Lufl'a, Tournrf. 


ri s gm mi ' m . 

Cueumis, Z. 

Cucui-bita, Z. 

Series 2. AnounKSi. Ovules erect 
vr aseendmy. 

Trianosperma. 

Elaterium. 

Series .3. CuRMOSi'KBHKii:. Seed 
solitary, ^endidutts. 
iSicyos, Z. 

Sucluum, P. Br. 


Afflnitlm, he .—The Oucurbitacefc, divided os above into 3 series, are 
still further divided into tribes according to the number of the stamens, 
the form of the anthers, the nature of the placentas, and the nuinlwr of 
the ovules &c. They form a veiy weU-defined Order, but have aflinities of 
a very diversified mnge. The habit and the placentation ally them closely 
with Passifloi-acem, fem. which they ditter, however, in the position of 
the ovary, the unisexual flowers, the peculiar structure of the anthem, and 
the want of albumen. Their nearest relatiaus lunong the epigynous Orders, 
after Begoniacete, appear to be the Loasaceee, through Gronovia, which 
agrees in its climbing habit, and comes near the Sict/eee. In the structure 
of the ovary and siHids and the position of the stamens there is a certain 
approach to the polypetulons Onngrocese, Myrtocee, &c., and, further, to 
the monopetalous (Jarapanalaceai. Again, tho diclinous condition and the 
structure of the ovary connect them with Papayacem. This Order pre¬ 
sents a number of points of interest as regards structure. The tendrils 
appear here to be p^ially metamorphosed leaves, while their base is con¬ 
stituted of an abortive bnmeh; the construction of the ovaiy of the Cucur- 
hUeee is remarkable, the sides of the camels being inflected to the centre, 
and then rolled in further upon themselves until the marginal placentas 
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are brought back nearly to the circumference of the fhiit; hence, although 
termed parietal placentas, they ore rather on excessive case of the inflexion 
which ordinarily produces axile placentas. The foi-m of the fruit is 
varied; the pepo assumes almost every modification of globular, oval, 
bottle-shape, sausagti-like, or even snake-like form : some kinds are dehis¬ 
cent ; in ^•halium it bursts by separating from its peduncle and expelling 
the seeds with violence through the orifice; in Jnomordica and otWrs it 
bursts irregularly; in MaUirium it bursts by two or three valves at the 
summit; and in some species of Luffa an orifice is formed at the top by the 
separation of the scar of the calvx. In Seehiwn the pepo contains only 
one seed, which gewuinates within the fruit, and never separates fi-om it, so 
that the fruit resembles a thick root-stock. 

Distribution. —A considerable Order, the sjiecies of which are chiefly 
natives of hot climates, especially aboimdiiig iii the East Indies, but some 
found almost evmywhore; linjmiia diuica is the only Ilritish species. 

Qualities and Uses.—Tiie majority of the plants of this Order are to be 
looked u}K>n as suspicious, from the muyalence Qf. a. puygativ e property, 
soineliines veiy vloientTTOlHetiriies sTi^iij^'and” apparently liable, to a^lict 
particnliH'eonatitnfaonS' more strongly Hum others. Some kinds may be 
reckoned as poiims, while oUiei's, especially when cultivated, although 
they retain huvative qualities, become innocuous. 

Among the dedded puigiitives, JErbalitim at/rexte, the dried juice of the 
fruit of which furnishes “Elateriiini,” is one of the most drastic agents 
known. Oolowuth is the extnud of the pglp of Citndlw CalocytMm ; the 
fruits of several t^ecics of Licffd and Lagvnaria are strongly purgative; the 
roots of the various spocius of Bryoniu ait! actively cathartic; and the 
same quality n'sides in the seeds of Feudleea ciirdifolia &c. Some other 
plants of the Urder shore this quality, although tlie seeds are generally 
harmless. 

On the other hand, the milder species furnish frtdts highly esteemed 
either ns fruits, for their delicate flavour in ‘tlioir fresh state, as in the 
Melon and tho Cucumber, or ns pot-herbs, from the succulent, bland, 
pulpy substance of the unripe or ripe fruit, as of the Oonrds. Cucumis 
Melo is the common Melon; Oucumis satirm is the Cucumber; CueurMta 
Citndlm is the Water-melon; CimirMfa Pepo is the White Gourd, C. 
marima the Rod Gourd or Pumpkin; the Vegetable-marrow is a variety 
of C. Pepo. The Snake-gourd, Triehomittluni angimut, is eaten in" India, 
also many other species of Cucui’bitaceous plants, which appear to become 
much milder under cultivation. Tho fruit of ^chium edule is also eaten 
in hot countries. The seeds are oily; some are harmless, as those of 
Telfatrta pedata (Africa), which are said to be os large as chestnuts, and 
are eaten like almonds, and the oil expressed. The pulp surrounding them 
is very bitter. 

Okdek LXXIII. BEGONIACE,®. Elephant's Eaus. 

Class. Peponiferte, JEkdL All. Gncurbitales, Imdl. Coh. Passifloralcs, 
JBenth. et Hook. 

4.‘H). Diaynosis .—^Ilerbnccous plants or low succulent shrubs with an acid 
juice; leaves alternate, oblique at the hose, with large scarious stipules; 
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flowers diclinous; sepals coloured, those of the barren flowers in two pairs, 
decussatiujr; those ofthe fertile flowers 6, imbricated, or 8; stamens inde¬ 
finite, distinct or coherent in a eohnnn; anthers clustered j ovary inferior, 
S-wdled, with 3 dissepiinental placentas meetin;T in the axis; stigmas 3, • 
sessile, 2-lobed; seeds cxalbuminous, with a thin reticulated testa. 

Il-T.USTRATI\T? GbnKUA. 

Begonia, L. | TTillcbrondia, OUr. 

Affinities, Ac,—The relations of this interesting and niimerons Order have 
been variously ctmeeived by diflercnt authors; but they appear to be very 
near Cncurbftairen;, the so-called parietal placentas of the latter being 
rather an excessive form of the double axile placeiitn.s of such plants as 
J>!f)loclfmuTH, and tlie plai-entas of Metieria ore described as parietal. IIU- 
Mn-amUa has nearly regidar flowers, and the ovary opens at the top as in 
Itm-da. It confirms the relationship to Datismls. Tliey aie natives 
chiefly of India, South America, and the West Indies, and are much cul¬ 
tivated for their beauty; the oblique or unequal-sided leaves are ebarm:- 
teristic, whence they are sometimes called Klephant’s hlars. Many lie- 
gonias are reinni'kalile for the production of adventitious buds in great 
numbers from various parts of their surface. The roots appear to be bitter 
and astringent, sometimes purgative. B. makharica, tmerom, and some 
others are used ns pot-herbs. 

(DATiROACBiB am diclinous apctnlous herbs or trees, with alternate, 
exstipulaio, rimple or compound leaves; barren flowere with a 3-4-me- 
rous perianth rfhd 3-7 stamens; fertile ones with an adherent 3-4-toothed 
perianth, a 1-celled ovary with Jl-4 many-seeded parietal phicentas, and 
a dry fruit opening at the summit. They consist of a few species very 
widely scattered. Jhrimea emmahma is found in the south-east part of 
Europe, and has bitter and purgative pioperties. The. Order appears so 
nearly related to Oncurbitimttaq Begoniaceaq and Ijoasimeai, that it is 
undesirable to pla** it among the Monochlamydeas. D. panuuhitM is re¬ 
markable os affording one of the examples of a tendency of the female 
flowers of dicecious plants to inaturt; seeds witliout impregnation; this 
phenomenon has been observed frequently in Cwlobogyne and MereiiriaHs 
among the Eiiphorbiacete and in Cantuihu; but some error of observation is 
to be suspected in these cases. Teframeles is a large tree, the rest are 
herbs, (lenora: Baiimi, L.; 'I'etriimelim, It. Br.; Tru-erwstei, Presl.^ 

(I loMAUACKAi are a small Order of tropical trees or shmbs with inferior 
ovaries and parietal placentas, related on the one hand to Passifloracea', 
on the other to Lonsoccfe and Cactacese. They ore included in SamydacHue 
by Bentham and Hooker; some of them have been introduced intf) culti¬ 
vation on account of their foliage; the flowers are small. Genera: Ho- 
maltum, Joeq.; BUwhmUia, Commers., &c.) 
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Order LXXIV. LOASACEiE. 

Class. Pariotalca, EnM. All. Oocialos, Lindl. Cch. Passiflorales, 
HentJi. el Hook. 

431. Hiafftiosis. —TTerhs; aomeliitics hispid with stinging hairs; leaves 
iijiposite or iiltcrrnate, without stipules; .calyx adherent, 4-5-parled; petals 
5 or !(', in 2 circles, often cucullnte; slamens inmierwis, free or in hundles 
adherent to the ]>etnls, often intermixed -ndtli staminodes or abortive sta- 
iiK'iis; oviHT 1-ceiled, witli several ])arietal placentas or 1 eenti-al: ovnles 
peudnluus: s<'ed with a Imise testa; embryo in the axis of fleshy albumen. 

iLnUSTnATIVE (luXKRA. 

Mentzelia, 7 a ]/oasa,..4(/ims. Gronovio, A. 

llartonia, Hims. Iflunienbochia, Schrad. 

Affinities, &C.—A small Order. The Genus Grotwma, with a climbing 
habit, eouneets tliis Order witli Giieurbitace.T, especially those with a 
single s(!ed ; but in the hitter Order the seeds aivi nxalbuminons. It is 
likewise clo.or>ly related to Gactaceie, ditiering importantly in habit only 
from some geneva. AVith liegoniiuls it agrees in the character of the seeds. 
A fui'tiier allinityMixists to the epigrvnons Oixler Onagraceai: and among 
those with a fiv-e ovary, Mnleshurbioci'ie,'I'unieracete, and,Pnssifloraeeai 
exiiiliil some points of agreement. Tliey are natives chiefly of America; 
blit some occur in other parts of the globe, in temperate and tropical climatos. 
Tliey ai-e principally remarkable for their stinging hairs,*(rhich produce 
more viidnit initation tliiui our indigenous Nettles. Menfzelia hispida 
bus a piiigative root. Loasa, liart-oma, &c. are often cultivated on account 
of the lieiinty of their flowers; but some of them ore rendered less valuable 
by their stini^ng-propcrty'. 


Order LXXV. CAClTACEiE. Indian Figs. 

Cittss. Opnntiip, Eudl. All. Cactales, Lindl. CoA. Ficoidalcs, BenlA. 

ft Hook. 

432. Hiagnosis .—Fleshy and thiclccned, mostly leafless plants, of 
peculiar aspect, globular or columnar and many-ongled, or flattemul and 
jointed, nsually with prickles. Mowers solitary, sessile; the calyx and 
corolla sometimes 4-nier<ms, but generally undistinguishablc and imbri¬ 
cated in several circles adherent to tlie 1-celled ovary; stamens indefinite; 
phiccutas parietal; fruit succulent; seeds numerous, parietal or in the 
pulp, exalbuminous. 


Illustrative Genera. 

Mammillaria, Ham. Phyllocactus, lAtdt. Opunfia, Toartief. 

Fchinocnctiis, Link et Ott. Ith'ipsalis, Qeertn. Percskia, I'btm, 

CereuB, Haw, 
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Afflnltles, *c.—These plants are generally distinguishable at first sight 
by the remarkable forms of their sueculent stems and the absence of true 
leaves; but this anomalous condition of the stem is not a decisive charac¬ 
ter, nor does it even carry with it indications of affinity, since wo find it 
among Euphorbiaceie, in Skpeltca amoim the Asclepiailacem, in Vitacem, 
and elsewhere. The onlinary forms scarcelv require description; but it must 
be noticed that the Icof-like structures of ^piplitfllum &c. art^ branches, and 
the leaves art' npresented solely by spines in the coimuon kinds, each t uft 
of spines reprt'sentiiig an abortive snoot with undeveloped internodes; 
Perrtkia, however, bears true leaves, seasilo or stalked. Iru! sttmis have a 
■woody a-vis of the normal Dicotyledonous structure: th? chiefinassof the 
stem of the phylloid kinds is made up of the greatly developed cortical 
parenchynia; but the globular and columnar kinds are very solid: the 
wootl is’i'emiu'kable for a peculiarly fonncd spiral thickening of its cells; 
and the pareuchv’ma of old stems is densely loaded with crystals of oxalate 
of lime. 

The relations, as founded on the structure of the flowers, an?, perhap.s, 
closest with Loasacem, and beyond them with the (’ucm'bitimeio, with, 
however, many iniporttmt points of difl’erenee from the last. There is a 
considerable restmiblance in certain re.spects to Ale.sembiyouthacem; for the 
pliu-entas of that (h-der and those of the present are apparently but slight 
modifications of a similar fundamental structure. Some degree of affinity 
exists betwcsen Cactaceie and Uibesiaccm; but the dicarpelbiry structure 
there and tlic albuminous seeds are important distinctions, and indicate 
a closer relationship of the latter plants to Saxifragacetn. 

Distribution .—A large Order, the, members of which arc almost exclu¬ 
sively found iUj the hotter parts of America, especially in dry situations. 
Opiinlitt mlifttm is naturalised in South Europe and elsewhere. A species 
of Ithipgalu occurs in AMca. 

Qualities anil Uses.—A subacid juice is commonly present in these 

f ilants, whence some of them are esteemed as remedies in levers; the pulpy 
hiit of some is agreeable on account of this quality, in others it is insipid 
and mncibqpnous. Cattle are said to bruise the trunks of some snecies 
with their hoofs in order to browse on the succulent parenchyma. Mpmtia 
vtdgarig is the Prickly Pear, the fruit of which is esteemed in tm south 
of Kurope and America, The fruit of 0. yields a carmine pigment; 
that of andeata is called the Jlarbadoes tloosebeny. O. eoeeinet- 

Ufera, the Nopal plant, is celebrated as forming the habitation and 
l^tenance of CWchs Cacti, the Cochineal insect. Ccreut fframlifiorta, 
ui HydicMnH, and some others are noted for opening their magnificent 
flowers at night: these and many other species of this and other genera 
of the Order, such as Epip/u/Umn, PhyUocadm, lUiipmln, &c., are highly 
valued in cultivation for their showy flowers; and the globular, columnar, 
and angular stems are not less remarkable, on account of their strange 
appearance. 
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Okbek LXXVI. RIBESIACEiE ok GROSSULACE^. 

Currants. 

(Jlctm. ComiculatiB, Endl- AU. Grossalcs, lAttdl. Coh. llnaalcs, 
BentJi. et Hook. 

Eioj/nonig. —Low shrubs, sometimes prieldy, with alternate pal- 
mately lobed loaves, a C-lohed calyx adhering' to the l-celled ovary and 
bearing 6 stamens alternating with as many sui^l petals. hVuit a l-ceUed, 
interior berry with 2 parietm placeiitus. Seeds numerous, imbedded in 
pidp 5 embryo minute, in abun^nt homy albumen. 

Illustrativk Genus. 
liibes, Z. 

Afflnltiei.—^Thnsi! plants were formerly associated in the same Order 
wijh Ciietacete; but their stmetiire ditl'ers iinpoilantly, and appronehes 
so nearly to that of 8a.vifmgacea), that I\>lt/osma is placed among the 
JCtical/oiiieer by some authoi's, and in this t)rder by others: the succulent 
fruit and the horny albumen are almost the only criteria, since tho pla¬ 
centas are paiiefol in mnw EscftUoHiea. Jty lieutham and Hooker this 
Older is included under Saxifrugoitea; as a distinct Tribe. 

Distribution.—Oool or shady localities in tlie temperate regions of 
Europe, Asia, and America. 

Qualities anU Uses.—'I'he agreeable acid fruits forai tHe most striking 
chameter of this Order. The Ooosi'beiTy (li. GrototuUnHa), the Itlack 
Cumint {11. Hitfnmi), the Ued and White CmTant {M. ittbmm) aiu the 
most valuable kinds. The Black Ourraut is remarkable for the aromatic 
glands, which give a stimulant property. All contain malic acid. Other 
fruits of the Order resmnble tliese, but are commonly either tasteless or 
e.vcessively acid. Seveiid species are showy garden shrubs, as M. mireum, 
a. eoceinemn, &c., in which the calyx is brightly coloured. 


Order LXXVII. HAMAMELACEyE. Witch-Hazelr 

Clast. Discanthse, Etull. AU. ITmhellales, Zindl. Coh. Itosoles, 
liettUi. el Hook. 

4.’M. THagnom. —Shmhs or trees, with alternate simple leaves and do- 
cidnou^jtigules; flowers in heads or spikes, q||bB|yK>lygamous or monm- 
AousoBLxs adherent; -petals narrow, valvateor involute in the bud, 
J^iftiW^ltnmens twice os many as the “petafl^ IHUPtlltol ffWRrBBily 
like, or numerous; pistil of 2 carpels, forming a 2-celled 
2 styles; ovules solitaiy in the cells or numerous: frait a 2-beake(l woody 
capsule 'with 1 seed in each of the two cells, bursting at the top; seo& 
albuminous. 
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iLLUSTBAXmO Oknkba. 


Tribe 1. IIamamklkab. T)ichla- 

tWSK 

cell. 

llamamolis, L. 

Trichoclodus, I’ers. 

Tribe 2. 1'’otiikiihillka5. Mo- 
nochlamytleoift; oeiiry a» in Tribe 1. 
FoUiei^illa, ,L. f. 


Tribe AbTi NaiR^.. Culy-t 
often rudiinentari/; oel^ii several in 
each cell.' 

Liqiiidanibar, L. 

Jiucklandiii, Ji. Hr. 

Itliodoleia, Clump, 


Afilnitlea, —Liiidley makes Liquiflambttr tlie type of a distincfOWfcr, 
Altingiaceio, associated with the Amentiferous Oriors; but the relations 
between the genera above noted apiMiur opposed to this. The flowei-s may 
be r(>garded as indi cqt mtf an stan.liiijr n.yr i'!iirtiiii-e!e from 

whieli tbey 'flif^rSitKeir' peripfynous stamens, the fertile ones oi)po8iU' 
the petals, their multiple stj'le, alternate leaves, ite. Tliey an; also 
connected by Jlruniiu-eie with’ the llmbelliferie. They%ppvoacb closidy 
to the Haxilrages, but have wmid-cells marked with glandular dots and a 
largo (not small) embryo, la-sides other points. The species are not 
numerous, but are widely diffused. Hanmmdk rin/inica, Witeh-l land, 
has oily edible seeds; its bark and leav<;s are astringent, and contain an 
acrid volatile oil. Various species of LiqiMamhar yield the pungmit 
resin called Storax. L. stijraeiflua (Xorth America) is an ornamental 
tree, the handsome fi-fld leaves of which turn red in autumn; its resin 
contains much benzoic acid. Most of the “ liquid St-orax"' of commerce 
come-s from the East, probably fi'om L. orir.nt.aie in the Levant, and 
L. Altiiu/ia in the Malay Islands. The bark of these trees is also acrid 
and bitter. 

(lluuNiACitAi are an Ord(;r of lleath-like shrubs, mostly found at the 
Oape of Good Hope, of unlcnown properties; in structure apparently 
connecting the Ilamamelaw;® with the l iuht-'llifenc, having an epigynou's 
disk, and the heads of tlowei-s sometimes surrounded by involiicnd bnu;ts: 


pRDBR LXXVJII. UMliELLTFEllJS on APIACE.E. 

s’' ^ 

Gass. Hisconthm, Jimll. AH. Umbelloles, Zindl. Coh. Umbolloles, 
lienth. et Hook. 


435. Dkiffnods.- 



iT8ir(iB!T MTBiirRH T W!?5W r ?87BBHTC 


with fistular stei: 


se. generouy deeply divided; 

_ e tube of the calyx completely adherent to 

^^Slals and 5 stamens springing from the disk crowning the 
ovary and surroandiug the base of the 2 styles (fig. 374); the fruit 
consisting of 2 separating, seed-like, dry carpels. 


Slamem^ ultomato with tho petals and emerging with them, in 
cnrmHn the Irad. 


cnrvcdin the Irad. 

Ovitru interior, 2-colled, co 


sed.of 2 




KellMioJliffilJt; 







imnn at 


mericarp an WllllBCcnt i-seeaca oeay, wicn me ponoarp deve¬ 
loped into longitudinal ridges {jugo), 5 primary and eometimes 4 
seeondary, wim intervcniiiig chutmeis in which often 

exist lines of oU-hearing tissue tailed r/tto;; eniltvgo \\\ the base 
of abundant homy albumen. 



Fig. S74. Vertifal noofion of the flower of 
Fig. *<7^1. Cr<Mis st^eHon of the fruit of Vauem. 
Fig. »f7<i. Fruit of 

Fig. 877. Kii>e fruit (iiierivarps) of Coniinn, 


Il,I.i;STKATIVM GkNEIIA. 

Series 1. Hbtehosciabl®. Um- Series 2. Hai’ia>zyoia5. Umbfin 
beUnimph; vitta rume. compound; priiiiarg ridges of fruit 

HydMMlgde, Toumef. aloneeonijnctious; rittarardgahseat. 

Mulinmn, Pers, Echinopbora, L. 

Sonicula, Tounuf. Conium, Z. 

Astranti^ Toumef. Smymiiun, L. 

Eiyngium, Toumef. Cicuta, Z. 
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Apium, Hoffm. 
llelosciftdiuia, Koch. 

^^odnim 
Ci^iu, Kotit. 
Bupleuniiu, Tourmf. 
QSnanthe, Lam. 
Ailthusa, L. 

ypFoeniculuni, Adam. • 


Aiigreli^ Jloffm. 
Archangelica, Il^m.^ 


Ferula, L. 
Dorenia, Don. 


loniu^Aotji. 
Scnea S^'Bipi.ozygia!. 


Undiels 


compound: frtut with both primary 
and urcondary rtdf/eo wcl^iua’ked. 
^(loriandruiu, L. 

Cnntinum, L. 

UaucuR, L. 

Cauralia, I- * 

TliapBia,j() 


AeinMiM , ta.7TrThe anangemcut of. tbe ^neta. atxHiikgiven ia that of 

Suborders:—^1. Oithospeimeffi; albumen flat on the inner face: 2. Canipy- 
lospcmiea:; albumen mvolute, with a vertical grooveMon the inner fiu;e: 
3. Ccelospermetc; albumen indexed above and below. Thu plants of tliis 
very extensive and important Order are in genend r«>adily recognizable 
bylheir inflorescence and Hstular stems; but these characters are not 
always present, even in the indigenous forms; and it is instructive in this 
respiK:t to examine the gimera Hatdeula and Ilydroca^lc, when! the umbels 
are little developed, and Lrynyiam, where the flowers m-e 8(!ssilu and tfte 
involucral bracts so much developed as to pve the umbels the appearance 
of the capitula of ComposiUr!. These deviations fimu the ordinary habit 
are still more striking in some of the exotic genera; for Dor^Mdui, a 
Javan form, has capitulate Leads airanged in panicles; and lioltur, tui 
Antarctic genus, grows in a tufted manner, with imbricated leaves and 
nearlv sessile umbels, so as to assume the outwaid appearance of some of 
the alpine species of Amlrostwe. The essential chaim-ter of the order lies 
theretore in the Unit, by which they are known from all other plants. The 
structure and arrangement of the ridges and vittic upon the pericarp, toge¬ 
ther with the form of the albumen of thb seed, furnish thi' cjionuuers bj' 
which the Order ia subdivided; the latter character, although formerly 
regarded as pnmorv, is now found to be inconstant. 

The relations o^ tlie Umbelliferso are closest with the other epigynous 
Calyciflone with deflnite stamens, espciolly Araliaceaj (from which their 
fruit diifers), the Kubiacem (which nave iiionopetalous corollas and op- 

C ite leaves and interpetiolar stipules), and the Ooniaceie (where the. 

ires are partly opposite, the flowere tiiti'amernus, and the fruit succulent). 
In habit, as well as in dicarpellary structure, some of the Umbellifene 
approach the Saxifragacem. The resemblances to Geranioceai seem 
rather superticial: the carpophore is of a very distinct character. 

Distrllratloii.—Abundant in the northern parts of Europe, Asia, and 
America; common uism the mountains of warmer regions, and again met 
with in the Houtbem hemisphere, but chiefly os dwarf and aberrant 
forms. 

QuaUttes and Uses.—Several distinct classes of active secretions occur 
in the plants of this Order, which in some are extremely powerftil, and in 
others slightly developed. The most important conidst of apro-narcotic 
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poisniioim substances in solution in the 'watery juices; the second are 
guiu-resiuous substances coubiiucd in a juice belonging to special tissues, 
and becouiii^ luilkv when exposed to the air j and the tbim are aromatic 
oils produced in all parts of the tissues, but especially developed in the 
vittie of tile ptiricaqis. Many have the -watery juices innocuous, and the 
gum-resinous secretion mild, so that they become esculent vegetables, 
which are reudeivd still mure bliuid when they acquire a mure succuleut 
condition luider cultivation. ^ The absence of light has a remarkable ettect 
in preventing tlie development of the aromatic principles, us is seen in 
blanched garden C’clery and other casea 

A niAnber of the poisununs kinds are iudij'enous, one of -which, Cmdvm 
macuhitum, IJemliyk, is in use in medicine as an anodyne. JPXhvm 
([i/impinni, Kool's I’lu-slcy, is a common weed; Cu;ufii oiroHUf ^‘atcr 
Hemlock, is not uucoimnou (C. iiuu-iihittt of A'oilh Amerk^a is equally 
jioisonons); (liuwdhf- cnx'nUi, liemlock Dropwoil, (/t. PhcUumlrium, and 
otlier species aru.likawise noted as poisonous, although they appear to lose 
the properly under certain cireiunstmices. Aitthriscux xi/lveslrw and vtilj/am, 
exlreiiielv coimuoii ulxiut hedges, are said to be poisonous. Accidents 
tn-c.iir IVom the rc^mblance of the foliage of these plants to Parsley, and 
of the roots of (Eiitinlhe tuid otlnu's to Pni-suejis. 

'I'he plunt.< furnishing the autispasmudic gum-resins are mostly natives 
of w aiiuer r(‘gions than the poismious kinds, and some doubt exists as to 
the exact specii-s which yield certain of these substances. Asidietida is 
believed to be derived from IWiila Antfafidu (J'ersia and Afghanistau); 
IWiilti jH-ivita probably furnishes some. P. vrioulalis (Moi-occo) yields an 
analogous lesiii. iSagaptmum is supposed to be.obtidmHl from another 
.speci(‘s of Pi'nila. (iiiiti .-Xmmoniiu'uiu is from a Persian plant called 
Ihmud Aminimiiwiim and Disenientoii yumimfrnirn. Opopoiiux is the 
I't'siii o{ J’lisliiiai'H Ojiopimu.v ((ipopimii.r Chiroimm), The source of (Jum 
(iulbunnm is 8uppo.sed to be Pc/'ula (ptlkmi/lm. 

The Ituvour of t'elery (Apimn i/rmroleiig). Parsley {Pdronclimm sa- 
licmn), Fennel (i'wiiwuhim rulyarv), Angelica (Arc/imiyelica (rffidiudiii), 
Fryiigo ( Eryiiyiiim mirithiimii and campfdre), of the Carrot (Paimm Ca- 
rittd), and Iho Parsnep (Ptuftliidcd sdtivo) depend on a volatile oil con¬ 
tained in tlie parenchymatous tissues, especMy of the rind and leaves; 
birt this oil is moi-e concentrated in the vittae of the ptiricoip, -w-bieh ren¬ 
ders the fruits of these plants still more powerfully aromatic, whence 
they are often usi'.l for flavouring in cooking; the fruits of the Caraway 
( Curum Carui),\ )ill (A mtimm yrairoletix), Coriander ( Corwndi-um mtiriim), 
Aiiina (Pimpiiirlla Ankmn), Ciiiumiu {('nminmn Cymmtnn), and others 
are especially valued for these osseutial oils. 

The roots* of the Carrot imd Parsnep, the root of Armcham eseuhvta 
(New (hunada'I, the stem and ,petioles of Celery, when rendenid very 
sncculeiil by cultivation, retain only a moderate quantity of the aromatic 
oils, mid are then chiefly valuable for their saccharine and mucilaginous 
qmilities. Samphire, mode into pickles, is i'riidmum maritimum, a species 
growing on mmitime rocks. Thu roots of Chervil {Authrmns Cerefolitwi) 
-were Ibrmerly eaten. The tiibcis of the species of Punium are edible. 
.Mexanders {Arnymium Olmatrum) was fomerly cultivated like Celery. 
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Oeder LXXIX. ARALIACE^. The Ivy Order. 

Qass. Discanthaj, EmU. All. TTmbellales, Lindl. CaJh. XJmbellales, 
lietrih. et Hook. 

436. TKafpiom. —^Ilcrbs, shrubs, or trees, with character rostmiblinjr 
those of UmbelliferfB, but usually with inortf than 2 styles, and the fruit 
3- or several-ctdled, succident or diy, with one albuminous seed in each 
cell. 

iLLrSTBATltTB GeNEKA. 

Pannx, L. I Iledera, L. Gunnt'ra, L. 

Aralia, L. | Adoxa, L. llelwinji^a, WiM. 

AfBnitiei.—^The Araliaceffi stand very close to the Umbcllifciw, but may 
bo distin^ruished by tho ovary having more lliaii 2 carpels. Mast of the 
plants have also a Valvatc mstivation of the corolla, -while it is imbricated 
in the Umbclliferie : there am some exceptions to the rule in the latter 
Order; and Adoxa is an exception luire. Seemann separates ns a distinct 
Order, under tho name TTedenuaiiC, all Umbelliferous jilauts with vulva te 
petals and a fruit composed of two or mom carpels. The tnie .\raliads, ac¬ 
cording to this author, have imbricated petals, 'fihey are not so exednsi vely 
herbaceous as the Uiubidlifera-;, .some being trees, and some climbing shrutjs, 
which latter bring tho Oi-der into nhitiou with the Vitaeete. They are 
nearly allied to Capriftdiacoio, which havi? a monopetahais eca-olla. Adoxa 
is reiiiarkable for its stamens, which have a bipartite filament, ewh half 
bearing a separate anther-lobe; it also presents flowers with 4- and 
morons corollas in the same inflorescence. Gmuiira, an ubeiTaut fonn, is 
in some cases dioecious, has but 2 petals and stamens, and a 1-celled, 
1-seeded ovary; G. gaabm is remarkable for its enormous leaves, as much 
as 8 f(!et in diameter, on stalks like those of IVtrum. Jlchrinyia is uni¬ 
sexual, and is made a type of a distinct Order by Decaisne and others. 
Its flowers am collected on the midribs of the leaves or brads, fmiii the 
adhemnee of the peduncle, somewhat as in Tilia. Seemann ineludi's 
in llederaceas, on account of their -valvate, not imbricate, petals, Crith- 
tnwm, Hor^ldia, some species of llydrocotyle, and some other phints 
usually placed in ITmlailliferm. 

Distritration.—A coiisiderabk Order, distributed throughout all climates, 
and in all parts of the world. 

QualtUes and Uses.—^Aromatic and stimulant. Tho root of Panax 
GiHsenff is highly valued by the Ohinese as a stimulant; P. qitinqurfoliam 
is expended to China from tho IJmted States as American (Jinseug. 
Aralm nudicaidin (United States) is called Wild Sarsaparilla; A. raemumi 
yields an aromatic gum-msiu. The astringent roots of Gnmieru scidtru 
are used for tnuning, and the fleshy leaf-stalks are eaten. The ben-ies of 
Ivy {Iledera Helix) arc emetic and purgative. Tho wood of some of the 
East-Indian species is msinons and aromatic. The substance called 
Rice-paper, prepared by the Chineso, consists of thin slices of the pith of 
Ttlr<^anax piqn/riferum. 
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Order LXXX.. COIINACEjE. The Dogwood Order. 

Clujts. Discaiitluo, Endl. All. Umbellales, lAndl. Coh. Umb Jlales, 
Eerdh. et Hook. 

Fij». 378. 

437. DiaffHonts .—Shrubs or ti'ees (rarely berbaceoue), abuost 
always with oppu.'^ite and e.\stipulate simple leaves; flowers 
4-(j-nierous, snuietiiues diclinous; the tube of the calyx adherent 
to the l-2-c«dled ovary, its limb minute; tin; p<dMls(valvate in 
the hiid), witli IIS many stamens, iusui-tcd on the maipn of an 
cpipynous disk iii the perfect lloweis; stjdo 1; a siug^le onatro- 
poiis ovule suspended from the top of ciu-h cell: tlio fruit bac¬ 
cate, l-i-smled (tig'. 37S); embryo nearly the length of the 
albumen, with large and foliaceous cotyledons. 

SI 

Il.T.rSTl(.ATIVE Ok.NERA. 

llenthamia, Limll. | Com us, Toumef. | Ancuba, Thmih. 

RSlhities.—The cliief distinctions from the Araliacem lie in the inflo¬ 
rescence, the tetramcrous structure of the flower, tlie usually opposite 
leaves, the :i-cnrpellarj’ ovary, and the simple siyle; from IhnbelliferiB 
the first two characters divide them, together wdUi the single style, and 
in most cases the habit; ('aprifoliaceie are distinguishable % the moiio- 
jHtalous Corolla. Ilaloragaccte difl’er in habit and distinct st'yles, but are 
connected witli this group through Gimnem. 

Distribution.—A sinall th-dcr, Ihc members of ■which are natives of the 
lempemtt' puts of America, Kurope, and Asiiu 

Qualities vtd Uses.—The bark of viu'ious snecies of Comm is esteemed 
os a tonic iind'fPWfEIJre: f’lyWWlrtPPTlff'ISIIHWNorth Ameiica in 
place of (.'iuchonn; (’oi-iiiik miii/Hwea, Dogwood, is a common hedge 
shrub. C. tiiasmla, the (.‘ornel ian (’heny, bears fruit, which is now little 
estfcni ed. Av/ ouba jap oiiico, tWTWPJplRFW “Cuba” Laurel of our 
sluullWBISjIff tflWfflhalc fonu of a diu'cious Japanese plant, propagated 
in'thousands by layers, but till lately never producing seed s, ns the inide 
phint was, till a few yem's ago, mikiiown in this countryho^^ 
ever, by aitilicially pliujing the pollen of the male flowers on the stigma 
of the femolu, or liy the agency of insects, the scarlet olive-sltaped benics 
are produced in profusioii; anti in this way numerous varieties have been 
raised from seed. 



Hiix- fruit 
ofCbrnwr. 
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Subclass 3. COEOLLIFLOIiiE. 

438. PicoWedonous Flowering plants having both calyx and 
corolla, the latter mono- or gumopctalous and springing dirccUy 
from the recratacle; the stamens mostly adherent to the corolla 
(epipetalo^j^ax^ free and arising with the corolla fr|m. .the 
receptacle' 

Similar anomalies to those noted under the other Suhclnsses occur in 
some Orders which, on the whole, are (NimUilloral. Thus, among Ericacete, 
the Suborder VacrimviPis properly Calycilloral, and the same thing occurs 
in Styracacem and elsewhere; among the Ericacete and Epacridacem yjft 
sometimes have tlie ThalomilloTal condition, ther'Uat^-being distinct and 
the stamens hypogyuous. In I'rimulacea! and I’lumbagiuaec^ni poly- 
petalous conllas occur, but with epipetalous stamens; and also apetalous 
Bowers with hypogyuous stamens, which, strictly spt'aking. would ho 
Monoehlamydeous. These (and many other eases imglit be noted) in¬ 
dicate .theooBtinual occurrence cross-relatione” 1)etweeu the groups 
of Orders, which render it very difficult to arraugu the Orders satisiactorily, 
aud show that any linear series is quite artihcuil. 


Order LXXXI. CAPRTFOLIACErE. 
The Honeysuckle Order. 


Cfass. Caprifuliacctn, Antil. Cinchouales, XM{. - < * <wi. Eu biales, 
Benth. et -m - ,, ,,,, 


pules; the tube of tn^laWolanenin^Wn^va^^nc^Sirapiia as many 
as for one less than) the lobes of the tubular or rotate epigynous corolla, 
and attached to its tube; m^j^^jceUcA often with 1 ovule in one cell 
and several in the othersj^W^^^ragmas 8 or 5; 
or succulent, 1- or more-celled j seeds solitary or nSSous^g^j^ 


IlXT- STRATIVE GeNEHA. 


Linnsea, Gronm. Diorvilla, Toumef. Viburnum, L. 

SymphoricarpuB, DiU. ■ Loniccra, Besf. Sambucus, Toumef. 


AfllnitlM. —This Order is usually subdivided into two Suborders: 1. Lo- 
nicoreie, with a tubular, regular or irregular corolla, a filiform style, and 
seeds with a dorsal raphe; and 2. Somhucem, with regular rotate corollas, 
3 sessile stigmas, and seeds with ventral raphe. It connects the mono- 
MtalouB Rubinceaj, Loganiacese, and their allies with the polypetalons 
Comacem and Umhellilerie. Through the JEkcailonieee it is also rannected 

with the Saxifragucnm..^ .' .waniWMI 

DUtribatloB. —conslderahle Family,di8ha^tod^iefl|^yh^CT^em 
Darts of Asia. Euroue. and America. 
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Qualities and TTsos.—Home of toe plants 
emetic properties, as in the leaves of the 

(iiielder liose (FiJwrawm Opuhts), the Common Honeysuckle (iojit^a 
Peridt/mmuin), tmd Triofimm pei/Mntum (North America). The fniits 
seem destitute of this property, tfiat of our Elder and others bein); made 
into wine; the berries of Vthumttm are eaten in North,America; and 
those of /St/mphtmcarptm, the Snow-berry of our shrubberies, appear to lie 
harmless. The fraerauce and beautv of tlie flowers are marked /<f>awinte*o nf 


' of the flowers e 




Ttesiu^TTotieysuckles, specios or lAmteerg 
. !me^ne species of Viburnum ( V. Ojndm, grown 1. |a«ma\avMU AMa Mwuuia 
of white ncjrfcr llowigrs, F. ZaatonA, the mealy (luelderltose, V. Tinus,iJie 
l.iaurustinus shrub), tiymplmricarptis, &c. are found in every shrubbery. 


pKUER,[JUi£UMKttfil^£!Ei^. The Madder Order. 

C/ffiis. CaprifoliacesB, Endl. AU. OinchonaJes, 

JBenlh, et Hook. 

440. JOiV/wesM. 


cctodbv mte 



as the lobes (3-5) of the regular epi- 
gynous corolla, and attached to its tube; ovules auatropal; embryo 
albuminous. 

Character. 

CV(/i/.v Uml^nrii^^4-5^othod. 

CoroV.^^^KaEffSSE^t]i a long tifbe, or rotate, ita sng- 
TTinnts^WBWrragmfliHnhe toot] 


a long tube, or rotate, 
1 of the calvx. 


l?ig. 379; 




Fig. 378. SuUa; a, flower, nat siie, showina otmtefe calyx, gajnopeteloaa 
corolUa & 0 .; ft* section ox the flower. 


Stamemi 


I InhAft nf iihn Anmilfi ahiI in 


uuo luie npuix m/oiux. ^ 

Otaiei/ TTifSinan tkyially 2 -^ffIIea, an d|SgynouB disk; 
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Fruit B^ditting into two dry cocci, or indehiscent, and then dry and 
sncc^ent, 2-ccllcd, 2- or many-seedcd; seeds, if definite, erect or 
ascending, or numerous on oxile placentas; embryo in homy al¬ 
bumen. 

iLLOSTBATm! QkNKHA. 

Thttei^ctinldr Cephaelis, Sw. 

tcharle: Psychotrin, i. 


oveay with 1 seed in each cell. 
Oolium, L. 

Kubis, Toumef. 

. Asper^a, L, 

Sherardia, DM. 

Stipules small t 
in a cell, 

O^rcularia, A. Rich. 
Cnprosmo, Forsl. 

Snennacoce. X._ . 


Cephaelis, Sw. 
Psychotrin, i. 
Cofiea, D. 

Ixora, L. 
Mm inda. VaM. 

' lAiefflroa, Vent. 


tMpMBBttiniB, X. 


Hodyotis, Lam. 
Itoudeletia, Bl. 
Jhmvardin, Salisb. 
Cmchom, X. 
^Sostem ma, X. 0. liidt. 
^HBHBBTa," JBU. “ 


’erous seeds. 


AfBnlties.—^The Rubiaccffi are often divided into tn'o Orders, Cinchn- 
naceee and Galinceie, or Stcllntne, the latter including all the genera with 
large foliaceous stipules, or, as they are termed, whorled leaves: the distinc- 
jtion does not nppep to bo suilicient. The presence of interpetiolnr stipules, 
either small or imitating leaves, is the principal character separating this 
Order from Caprifolincec^fi^WlWfllBtlWfHfiw WBpiillBiiiWft tt they 
Siipglpea occur as monstrous growths.tHMHMMHHMHII^eTy clos'o 
to I.oganiace», bCi«(«iiic%diitiapdahtddM 

maceai thus connect it with Gentianacefe and the allied Corollifloral Orders. 
The fruits of the SteBeOee, and of some of the Ceffew, newly relate them 
to tli»'Umbellifei«S'; from whiidi, however, they may be at once known 
by the monopetalcHU'^eeroUak Opareuktria, an'aberrant genus with a 1- 
owsd> l-seeded ovarvyconnects the thrder with Uipmeem; and the inflo¬ 
rescence of some kinds, as Cephalanihus, Kiehardsmia, &c., approaches the 
condition of the capitula of that Order and of Oompositra; while in 
tAmgfropht/Uum tlm stamens are syngenesions. 

Diatritmtlon,— 






moBt of them liitipictu. 

Qualities and Uses.—The linhiaceae form a very extensive group, and 
include plants with a considerahle diversity of properties Some are 
emetic. puegative; others febrifuge and tOBifB; others stimulant and 
Kstotative; some are astringent; a nawhave edible fruits; some yield 
valpable dye-stul&,; ;gid frn^ant or showy flowers abound in the Order. 
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Hichardsonia scabra and enietica yield fUamm -rm 

demifoKa (Oahinca root) s^V^mujmfuga Jia!ve omuar prupertioa, which 
are shared' bjr {he'gcncfa Maaettia, &c. Most of the above 

plants belong to l&asil. WteS,2Si2M 

■ JIB sDCcitics BtrEunsOnaEeHU^; iheir emetic and purgative 

uL Some spedes of Crjihuelis 
and rsgehotria are still more active, and are used as poisons for rats and 
mice in Brardi. Coffee consists of the seeds of Coitea arahica. two of 





C. mtidnandmtcranffm, Qrey orlTnauaco bark; C. Condaminea (var. vera), 
Crown or Loxa bark. The biu-k of various species of Exostemma is 
known as false Cinchona. Species of Guetiarda, IHtwkniya, Smddetia, 
Coui'ana, &c. have siniilar propertib's. ' The etrtrad Of the leaves of 
Unearia Gamhir is a powerful astringent, known as Gambcer among 
the Malays, and supposed to fiimish part of the Catechu of commerce. 

Among the fruits may be mentioned those of Gem'pa (Brazil and Mada¬ 
gascar), Hareocejbitlun emdentm, the Sioira T^eone Peach, &c. The berries 
of some Coprmm<c are, eaten in Aiisti'aliii, .and are called Native Currants. 

Of the dyes. Madder, the mots of RuMn tineturum (Europe), M. cor^ 
difuh'a, Miinjeeth (Bengal^ It. Mclhmm (China), and It. anijiislimma ai9 
tile most important; Oldetdandia vmbMata, used instead of Madder in 
the East Indies; species of MmHtuIay Pxycholria, Geu^, Condmnimt,&e. 
arc of less importance. GuMarda upeeiosa funiishea 'what is called by 
cabinet-makers “ Zebra-wood,” from the 'West Indies. 

4MDuri^ stoveSmte! 


bund many of our 


are common wee 


Order LXXXIII. VALERIANACE.®. 

The Valerian Order. 

Cdasa. Aagtcgatee, Midi. A2?. Campanales, XtndK. CoA. Rubiales, 
SenOt. et Hook. 

441. Dtngnom .—Herbs with oDDOsit 


has T' fertdlo 
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■with the lobes; in the fertile cell of the dry, indchis- 

cent, sometimes JxaJhmiiiiioi^; riidiclc 

superior,. 

Illustbativn Gicmbaa. 

Fedia, ilfoOTr/j. j Ce n tnB ftlUPCP C*-''' | VaJwiana, JVfecA. 


UBnlUea.—This Order approaches Dipsacere in peneval structure, some¬ 
times hutinp involuemte inttorcseence; hence it is also related to (tom- 
posite, Campannlaeero, &e.; hufthe ■peentiar stnicturc of the ovary is a 
very marked chai'acter, and the seed of Pipsacem is nlbnminous. The 
development and unrollinp of the jwppus of CnitrantJim and others, duriiip 
the rip('ninp of the fruit, is ver^ingulM^^^Mroll^s siin'oimded 1^a 
thickened rinp, -which subsoqnefl^VMMipMMHkflMlllsIntn li e WWH of 
feathery processes. 

DUtribntloii.—j^^^jtengjjfjCJjjd^ the members of which are distributed 
thronphout 

QnalltlcB imdoSeB^^iiaimvFttu^unnt^iIwslronparomaUc properties, 
whence thev ore used as antispasmodic and tonic remedies. 1 ’nlrniina 
officinniix, i’fm, celtirn, and fialitmea are all tised; V. nicheiisiii, Iroin 
llussian America, is said to Iw the most powerful. NnrdnxtaehjK Jafmuami 
(India) is supposi'd to he the ancient Spikenard. FeMn or Tiilrritnwlla 
oliluria is cultivated for salad, under the name of Lamb’s Lettuce. Cfii- 
tranthux ruber, a showy plant, rvith abundant cymes of small rose- 
coloured dowers, is found in most pardons, and is naturalized in Kent. 


'Okdbr LXXXIV. DIPSACE.®. The Scabious Oiideb. 


Class. Aggregatie, Fm^. AU. Oampanales, Lindl. Coh. Compositalcs, 
Benth. at Hook. 



IixrsTBATivK Genera. 


PipsBcus, Toumef. | Scabiosa, Bom. et Sehult. 

UBnitlM.—^Nearly related to Valerianacero on one hand, and to Com¬ 
posite o n th e other; distinguished from both by its involucels and olbu- 
UililWilf mM ,-*frBm Comw W it w ’i MW t M l Y ’iE rJhB distinct anthers and 
pendulMBfle^. -- - 

MaMsttatienB—Tbaaspccies number about 160, and are found most 

^UliJltleB «!ad UBes,-r^omayjpe..^4.iQ7"^ Teazel, 
Hipsaeus flOonum, a large fldStle-lilra nlant. is of ar^it imnm-tance. its 
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dried capitiila bein" need to comb up the nap on cloth, the hooked bracts 
not tearing' the stud’ like metal instrumonte. Many species of Scabiosa 
fScabioas) are cultivated for their beauty; two small-flowered snenina are 


natives of Britain, 


::i! RACE.fi are a small Order of South-American pla^Wnterme- 
diate between Uipsace«|||M||||p|||BMitM|tMg|p||||^HMi|illBphlburaiuuas 
seed of the former, and anthers coherent below and free above, so a‘? to 
approach the syngenesious character of the latter Order. Properties un¬ 
known. Genera: .&oo/»‘s, Juss.; Calycera, Gw.), 


Oedeu LXXXV. COMPOSITiE oe ASTERACE^. 

Clam. Aggregate, EnM, All. Campanales, Lindl. Coh. Compositales, 
SeM. U -Hook. 

443. Diagnosis .—Herbs or half-shrubs ■with the flowers in dense 
lu^ads (ciipitula) upon a common receptacle surrounded by an invo¬ 
lucre ; stamens 5 (rarely 4), inserted on the corolla, and with their 
anthers coherent into a tube surrounding the style; ovary inferior, 
1-ccllcd, -with 1 erect ovule; seed cxalbuminous. 

Cluiracter. 

CKpitida at the extremity of an enlarged peduncle surrounded by an 
involucre of bracts, .and bearing perfect and imperfect florets closely 
packed, all Himihir, or of two kinds, those of the centre or disk antf 
those of the circumference or ray; florets often accompanied by 
membranous scale-like bracts {pnlece). 

limb obsolete, entire, or in the^^Hmilllllllg^lc of 



Fig. 380. Tubular fiaret. Fig. 861. Llgulate floret 

Fig. 382. Byngenoeioui atamens and pistil of Compoaits: a, in natural ptMotion; h, tlxe 
tube of anthers opened. 

1^. 383. linear stigmas of Composite. 
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Boales, bristleB, or feathered or simple hairs (pappus), which is 
often persistent. 

OoroUa (fig. 3S0) and funnel- 

shapeQ^nignlafiM(15gr35^^T bilabiate. 
jSitonKns^^ltemate with the teeth of the corolla 

cr alpiMaf iw’isw y 2.pie Mow, 

bifid at the apex, with a distinct sttgimtie surface on each branch 
‘(figs. 382 & 383). 

Fruit a cypscla (figs, 3S4-3S()), indehiscent, with»l erect exalbunii- 
nous seed, often crowned by the pa 2 )pus. 



Fig. m 


Fig. 385. 




Figs. %4-38A. CypflelnnH fVnits of Coniitofuto; snmouiiti'd hr the |mppiu. 
(Fig. vertical section, Biiowing the erect tfeca.) 


This extensive Order is divided into three Suborders. 

1 , Florets all tubular and pcrfe cti, or only those 

of perfect, while those of the eimlffiWPHIioo are 

tubular or ligulate, and fi^mde or neuter below its branches. 

Florets with bilabiate corollas, i)orfcct or uni- 

Florots all ligulate and perfect; juice milky. 



Tussila™, Towmef. 
Aster, Fees. 

Beilis, It. 

Solidago, X. 

Inula, Geertn, 
Dahlia, Cbv. 
Zinnia, X. 
Hiidbwkia, X. 
Helianthus, L, 
Bidfi^ X. 


Illustrative Genera. 

1. Tttbuliplobxs. 
Tagetes, Tmimef. 
Anthomis, DC. 
Anaovclus, Pars, 
Achillea,'iVecA. 
Pyrethruin, Geertn. 
Ciirysanthernum, DC. 
Artemisin, L. 
Gnaphalium, Don. 
Arnica, X. 

Seuecio, Less, 


Calendula, Nerh, 
Xeranthei n\aa,T<n(imef, 
Baussiuea, DC. 
Arctium, Lam, 

Carlina, Tuamef, 
Centaurea, Less, 
CnicuB, Vaill. 

Carduus, Geertn, 
Berratul^ DC. 
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Barnadezia, L.JilL. 
Mutiaia, L.jU. 


(.’iclioriunij Tourm'f. 
Ilj'pocluens, L, 
Leontodon, L. 


2. LABIATiEFIiOlLS. 

I Printzia, Cam. I Nasaavia, Commers. 

Anandria. S^a eA. . i TrLjaa. P.Br , 


3. Liotji.ifloil®. 

Tragojogon, ■£,. 
lS'on6huff,"i.' 

Ijoctuca, L. 


Taraxacum', "jum. 
Hieracium, Towmef, 


afonltiea.—This Order, wliieh is, the most mimerous, and, by some 
authnra, regarded t»s the most perfect in the Vegetable lungdom, is like¬ 
wise vciy niitui'id, its distinguisliing fcaturt‘S being very evident in almost 
every genus. Prom its nearest allies, Dipsacem and Oalyceraceie, it inny 
Iw distinguished by the condition of the anthers and the ovule, ^le 
syngenesions condition, and, in some measure, the general structure of the 
fionds, ligjilate and tubular, indiaite a near relation also to I..obeliaccae 
and (’ninpnnulace.'e, wherein, howevc-r, the flowers are not only large and 
scaltemi, but the ovaries have more than one cell, with many seeds in 
each cell. 

Tlie subdivisions of this Order are differently given by different authors. 
The Orders of the Linuean Class Syngenesia, corresponding to Conmositae, 
are given in the Table of theLinnean Classification (page 185). Tubidi- 
flone, as above given, include the Coiymbiferae of some authors, in which 
the stylo of the perfect flowers is not swollen below the stigma, and the 
Cynai-cm, where the outer florets are often neuter and the style is swollen 
below the stigmas. The tribes of the Composito usua% accepted are 
those established bv Be Candolle on the condition of the style and its 
stigiuatic lobes. Tllie chariuibu-s of the genera are chiefly derived from 
the conditions of the involucio, the cypselous fruit, and the pappus. 

Distribution.—The species of this Older are more numerous than those 
of anv other family, and are universally di8tributed;^frra]yn|mnejBighth of 
the Phanerogamia of Central Europe; "the 7>/Wi)<fo^?R^flMf®bundant 
in hot climates, the Civhoraeete in cold. The Lahiatteflorm belong almost 
entirely to exfratropietd Houth America. In the Northern hemisphere 
the Compositm arc all herbaceous: in South AnMiBiMHilWtoe other 
pints of the southern hemisphere they are sometimes shrubby. 

QuoUttea and Uses.—The plants of this Order ar^),|uy|[|ra||i|||charac- 
terized by any very powerful properties: bitternessi^^^^wailing 
quality, accompanied by aromatic secretions in the CorymUfera, and by a 
speciid lactescent juice in the Cichoracete, which often contra a more or 
less active narcotic principle. • 

Among Con/mbtjira: may be noticed a number of genera possessing 
considei-Ale importance. The Aiietniniee, or Wormwoods, are numerous; 
A. Ahsmthium tmApmUica are Worniwoods proper, and with some other 
species are used not only os anthelmintics, as their name indicates, but for 
preparing the bitter liqueurs called Abmithe or Wermuth; A. Itracunculua 
is the Tarragon, the leaves of which ore used in salads and pickles; A, 
Abrniamtm is Garden Southernwood, used also for its bitter flavour. Most 
of the other species have similar properties; the flower-heads of A. Qmtra, 
Sieberi, patm/hrOf VaMiana, &c. ore known on the Continent^ under the 
name (ff Semen Cinse or Semen Contra, as powerful vermifuges......rf. <At- 
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nemis furnishes Moxa. Anthenm nobUin, the Camomile, Matricaria 
Chamomilla, and Fyrelhmm Parthciiktm are valued for aroniatie hitter 
and tonic properties; the spiscios of Achillea are astriufreut, or in some 
cases punfrent, which is still more the cose with Anaci/clits Vyrrfhmm, 
called Pellitorv of Spain, and A. officinarum, the dried roots of which 
provoke an active flow of saliva, and are used as a remedy for toothache: 
in a Iresh state these roots are acrid; and this is still more the casn with 
MarvAa fvtida. Arnica mantana, a plant of the mountains of Central 
Europe, is narcotic-acrid and poisonous, except in small doses: its tinc¬ 
ture nas a powerfid influence in excitinp; the circulation beneath the 
skin without producing vesication. * Foroin'ciim Vardiftianehes is said to 
have similar properties, as also some species of Iwda ; Innla Jlelcnium, 
however, is merely aromatic and tonic; it is known under the name of 
Elecampane. 

Some species of Eupid-orium, including our native E. cannahiumn, are 
emetic and purgative ; E. Ai/apaiia (llrszil) has a reputation as a local 
and internal application for snake-hitea. Matico is said to he obtained 
from E. i/hdinOHiim, though most of it is the produce of Artanihe clongata, 
a Piperaccous plant; its leaves are used as a styptic. 

The seeds of some of the Uorymhifcrec contain nincli fixed oil. The 
seeds of the Sunflower (IlrliaHtlats muntm) are well known on this 
acc4)uut; and Madia satiea (Chili) has bt'comc an object of cultivation in 
Franco and Germany for the sake of the oil expressed from its seeds, its 
“oil-cake” being also valuable for cattle. The esculent tubers called 
•Teru.salem or Oirasole Artichokes an* furnished by IMiaiitliuH tnlMrosa *; 
the analognua tubers of the Dahlia ( Daldia vuriahilin) are not available in 
this way on acA;ount of a strong and unpleasant flavour which exists in 
them. Timilago Earfara, or Coltsfoot, which is mucilaginous and bitter, 
was formerly in repute for aflisetions of the chest. 

The Cymrea, or thistle-like Corapo.sit», are equfdly varied in the 
concentration of tJieir qualities. The. root of Carliiia ardidix is said to he 
a violent pwgatiTe, and that of C. giimmifcra is known os an anthelmintic. 
ThellurctcKik (Arctium lappa), the Marigold (Calendtda afficiaalu), Cen- 
taurea Caleitrapa, and other allied plants were formerly estouied as febri- 
'fuges, diuretics, and altemtivt«, but have ^ne out of use. The Costus, 
celebrated by the ancients for its virtues, is supposed to be the root of 
Auddandia Codm (Cashmere). Carilunnm tinctariun, Safllower, is used 
in dyeinft and in the mannfaeture of true rouge; the flowers of Calendula 
officirudig are used to adulterate Saffron. Nciratida tinctnria is also used 
in dyeing yellow and green. The Globe Artichoke is the fleshy rp,c.eptacle, 
with its bracts, of Cynara Seolyinm ; Cardoons are the blanched stems 
and petioles of Cynara Cardunmktt. ' 

The iMhialrefioro! ore sometimes aromatic., hitter, or muedaginnus. The 
leaves of Printda aromatica are u.sed as a Tea at the Cape of Good Hope; 
those of Ammdria diecoidea are used by the Chinese as the Coltsfoot is in 
Europe. 

The Cichoracea include several plants of note: the diflerent kinds of 
Lettuce, Laettwa virma, Scnriala, satim (the Garden Lettuce), contain a 
miUy juice which has narcotic properties; when evaporated to dryness it 
forms a kind of ^m, called by driiggpsts Lactucarium, which is. occasion¬ 
ally used «8 a sedative. The Garden Lettuce loses much of its bitterness. 
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and, at the same time, of its narcotic properties, in cultivation. The 
Dandelion, Leoutodnn Tararumtm (or Taraxacum Deux Leoiiix), has also a 
niilkv juice, which is valued for its medidutil properties as a Paretic and 
nlt((rative, with some sedative qualities; its roots, and still more those of 
Chicory or Succory ( CirJtoi-ium Inh/hux), are U8(*d, roasted, to adulterate 
colfoe. Itesides tlie Lettuoo we have other esculent vegetahles in this 
Suhoixlcr: Cic/mrium Emlirium furnishes the Salad Kndive (blanched by 
exclusion of li}rht); Scorzonera is the root of Scnramcra Mx/miiea, other 
spccdc's of whl(;h aiti used in lilot inunner in dill'crent cumitnes; Salsafy 
is (he root of '/'m/o/aw/oM porn/ofiiis, or Goat’s-heard. 

The CoinpositiO jnclude avast number of cultivated plants. The Dahlia 
(D. rnriabilix), tlu; Chrysantheraum (Pi/rcthriim xiiieiixc, milicim), the 
(''iiierarias {.Seurcio criicnfa, Timilaffinix/jlcritici-i), tins China Aster(Col- 
/ixtemma hoiicnxc) are florist’s flowers remarltahlc for tlfe number and 
b<!a\ity of their varieties. The JCvarlastiiipf-flowers, or Jmtnmiellex, are 
mostly .species of Oiiap/inlium, towelher witli Jleliehryxmn, AjMexix, &c. 
Our native Thistles are species of Cardum, Oiwpordum, &c. 


Order LXXXVI. LOBELIACE^]. 


Cltisx. ('ompanuliiiin, Eridl. 


All. Campanalesi, Lindl. 
lienth. et Hook. 


Coh. Campanales, 


444. Diapnoxix .—^Ilerhs or shrubs with a milky juice, alternate leaves, 
and scatt(!red flowers; corolla irrep:ular, epipynous, nionopctalons, split 
down to (he base on one side ; the 5 stamens free from the corolla and 
united into a tube, oft'ii by their fllaments, and always by their anthers; 
ovary iufi'rior, ]-.‘l-cellpd; stylo 1; sti^rma :lslipped, surrounded by a 
fringe of haira; seeds numerous, albuminous. 

InnusTRATivK Gknera. 

Lobelia, L. | Siphocampylns, Fold, 

Affinities.—^The relations of this Order to Composita) are close, as ii 
seen when we compare the flowers with lipmlatc florets of the Cirdwravea: 
the structure of the ovary, however, as well as of the inflorescence, divide! 
them. With OampaniiWere they are connecti'd through the tubnlai 
florets of Coinpositm, which rostnuble the flowers of Oanipaiuilacen:, e.veept 
in the structiu* of the ovary, which brings the Campamdaceie still nearci 
abeliaccio. The tringmoun^^^^igma is amuogous to the hairs oi 
: Campon nlnceiCTW^^H WWl Bo to the indusium of Goode- 
nacein:—iSbine Txibeliaceie have their \ 

Distribution.—A rather large Order, the meml 
distributed throughout tropical and subtropical regions. 

OnoUties and TTsea—^The milky juice is acro-narcotic; the species of 
Lobdia are m&re or Ices poisonous, producing effects analogous to those of 
Tobacco. JjMia inflata is used in small doses for spasmodic asthma; it 
acts sometimes as an emetic, but produces great depression of the pulse, 
perspiration, and, in large doses, death. Most of the species are acrid when 
i^h; L. wens produces vesication of the skin. Tt^ FetMei (Chili) yields 
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a -violent poinon. laatoma Imgiflora is -vecicatory, and, talien internally, 
produces death horn violent and uncontrollable pur^ng. The milky 
juices contain Caoutchouc. Many sjiecies of LabeRa and Siphorampglm 
are cultivated for their shoivy flo-wers. 

(Goodeniacra! constitute an Order of plants allied to the Lobcliaceee, 
the Stylidiacefe, and the Canipanulaceie, but especially distinguished by 
the remarkable structure of the upper part of Ae style, Vhich is expanded 
into a Mud of cup or pur.se, concealing within it the stigiuatic surface, and 
closing over tlic pollen after fertilization. Most of the Goodeniaeere arc 
Australian and IVlynesian; a Sctprala occurs in N'orth-'westeni India and 
in Africa: another genus, Si'lUfra, is South-Americon. Their properties 
are unimportant. LesehenmJtia fornwm, eaatilea, and other species are 
cultivatiU on Account of the beauty of their flowers.) 

(Brunoniace.®, consisting of twlfspecies of Australian plants, 

agwe -with Goodeniaceie in the structuK! of the style, but are sometimes 
separated from them on account of the superior position of the ovm-y. 
Tncur capitulous inflorescence approaches tlmt of Cumpusitae. They have 
no known properties.) 

_ (Styeidiace-e constitute a small Order of plants related to the Goode¬ 
niaceie and the Campanulac(!a3, but are distinguished by and remarkable for 
the gynandrous structure of the flowers, the iilaments being adherent to 
the style into a colunm surmounted by tlie anthers which overlie the 
stigma. This column exhibits the irritability met with here and thei-e in 
Flowering Plants: in Sti/liditim it hangs over on one side of the flower; 
but when touched it rises up and springs over to the opposite side, at 
the same time opening its anthci-s and scattming the pollen. The Stglulia 
are chiefly from Australia; a few others ore scattered in the East Indies; 
the Furderoi belong to New Zealand and the Straits of Magellan. They 
have no known properties.) 


Oedek LXXXVII. CAMPANULACE J:. Bell-flowers. 


Chaa. CampanuliniB, EndL AU. Oampanalcs, Lindl. Coh. Camponales, 
Eenth. et Hook. 


445. JDiagmda .—^Herbs with a milky juice, alternate leaves, and 
mostly scattered flowers; ^^n^^h^ent to the ovary; 

^^^ mivat^n ccstivation; 
mostly dfstinct or coherent just bel^ 

01 tine oistinct antners; ovary 2-5-cellcd; stylo 1, hairy; stigma 
simple or lobed; capsule many-seeded, dehiscent by lateral orifices 
or valves at the top; seeds with fleshy albumen. 



e base 
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Jasione, L, Phyteuma, Z. 

Frismatocaipus, A. DC. Campanula Z. 
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Affloltlea.—The CampannlaceR) have many points of a^cment with 
the Uompoaitaj, the flowers resembling the tubular flore^of that Order 
in tlio corolla, inferior position of the ovary, and number and position of 
the stameiw; but the anthers are distinct or only united nt the base, and 
the ovary is more tlian 1-cellcd, and contains many seeds; in /ostone and 
rhyUtwna the flowers are in capitula, almost like those of Oompoat®. 
They are only separated from Ijobeliaeem by the regularity of their 
flowers, the globular (notElliptical) pHlen-g^ns, and the peculiar hairs 
of the style; which points of structure likewise separate them from Goo- 
denincem and Stj’lidiaceffi. On the other hand tliey approach Vacciniete, 
from which they fitter in the number of the stamens and their porous 
dehisc(‘ncn, the style, and the habit. 

Distribution.— A large Order, the members of which belong mostly to 
the t<‘mp(!rnte parts of the Northern ,hemisphere. 

Qualities and Dscs.—The milk)' juice has properties analogous to that 
of the Conipositn;, and is sometimes rather acrid; but the young roots and 
shoots, esjM'cially when eidtivated, arts often edible; Itampions are the 
roots of Canipmiuln Itapimculmx iSpceulariu S^KCidimi and other species 
have been used in snhids. The Cumpmiulim, commonly known as Canter¬ 
bury IMls, Hair-bells, d-c., are numerous in cultivation; and other genera 
have also handsome flowers. 


Order LXXXVUI. ERICACE^. The Heath Order. 


CUm. Hicomes, JSiuU. Alt. Ericalcs, L!ndl. CWt. Ericales, Benth. et 

Hook. 


Mg. 388. 


Fig. 889. 


446. Jh'w/nosls. —Shrubs, or sometimes herbs, with regular or 
nearly regular flowers; corolla gamo- or 
polypotalous, hy])ogyuou8 or cpigynous 
( Vaeeiniece ); stamens as many, or twice 
as many as the petals of the 4^5-lobcd or 
4-5-i)etalous corolla, free from the coroUn, 
hypogynons or cpigynous; anthers 2- 
cellcd, commonly with appendages, and 
opening by terminal chinks or pores 
.ifi^388, 389); style Ij 9YWX,5diP- 
ceilnd ; ap nda small, aiuitroiwus; 
small or minute, in fleshy albumen. 



The Ericacete are divisible into four yig.ssr. Flower of Krfca. 
very distinct Suborders, which aro some- oj 

times ranked as Orders. 

1. TACCiNiEiE. Shrubby, or more or less woody herbs, with an 
adherent calyx, monopctalous epigynons corolla, epigynons stamens, 
2-parted anthers opening by pores, containing 4-nate pollen-grains; 
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the inferior ovury becoming a berry surmounted by the teeth of the 
calyx. 

2. Erictnejs. Shrubs or small trees, with a free calyx; a mono- 
pctalous or polypctalous corolla springing with the stamens from 
the roecptaclo; anthers opening by pores. 

3. Pyrole.e. Woody herbs with evergreen foliage ; calyx free ; 
corolla of 5 distinct hypogynpus petalsf stamons hypogjTious; 
anthers porous; seeds with a loose cellular testa and minute 
nucleus. 

4. Monotbope/E. Elcshy herbs with soale-likr leaves, destitute 
of green colour; calyx free; corolla mono- or polypetalous; stamens 
hypogjmous; pollen simjde. 


Il.T.rSTBATlVE QeNEBA. 

1. Vaccinieje. 

Oxycoccus, Tmmu'f. | Vaccinium, L. 


2 , £bicine.e. 


Tribe 1. EBiCKiE. JVinV. U>cidi- \ 
eidalf rarely eepticuUd or bacrate; 
burin naked. 

Erica, L. 

Andromeda, L. 

Arbutus, Tmirmf. 
Arctostnphylus, Arlans. 


! Tribe 2. BnoDODENDnE*. Fruit 
crtpsidar,septiridal; burls scaly, coite- 
like. 

Azalea, L. 
lihododendron, L. 

Ijedum, L. 


3. PvBOI.EiE. 

Chimaphila, Pursh. j I’yrola, Toumef, 


4. Monotbopk.®. 

Monotropa, Nuti. | Schweinitzia, FU. | Pterospora, Nutt. 


AfflnitiM.—^The Suborders bn)ught together under this head are con¬ 
nected by the general plan of structure; but the details are subject to 
wide variation, not only including mouopetaloiis and polypctalous con¬ 
ditions, but even hypogyuous and epigynous. By many authors these sub- 
^visions are ranked as distinct Orders. The Vaceinieee, -with their 
inferior ovary, stand, if separated, among the epigynous Calycifloral 
Orders, near Campon ulacese or Cinchonocea); consequently they form a 
connecting link between the Oolycifiorals and ComllifloralB, indicating 
the artihciality of this division; they even appear related tq the perigy- 
nous Golyciflorals by Fsealloniere in'Saxifragaraae. The Friidneee^ diner 
from the Vaccimerm principally in the superior ovary and hypo^nous 
corolla; and the stamens are here nearly if not quite hypogynous, which, 
with the many-celled ovary, divides them from Gentianacem and allied 
Orders. The. Ericiners are nearly aUied to the Epacridaceae; but those 
have l-ceUed anthers. The Pyrclers have the sepals and petals more or 
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less distinct, are more herbaceous in habit than the foregoingr, and their 
Micds ani leniai’kahly different; /*. aphylla, a plant devoid of green colour, 
and -with leaf-scales in place of leaves, connects this Suborder with Mmto- 
tnijx-fe, which, however, diiter in the dehiscence of the anthers, and in 
having the minut<! <!inbiyo at the np(!X instead of the base of the fleshy 
albumen. Some doubt exists whether the last Suborder are really para¬ 
sitical plants: they grow anionu the fibrils of the roofs of trees, and have 
all the apjK'ai'aue.a’of parafdtes, Mt, wi^li Ducliai'tre, we have never been 
able to swi any union in Monolropa, In the character of habit they re¬ 
semble Orobnnchaceic; but we do not consider this a strong sign of 
atliuity in Flowerii^g plants. 

Distribution,—largt! Order, the members of which are generallv diffused 
in temperate cliinates over heathy and boggy friwts, in subaipiue and 
alpine localities, all over the world—the lihtdoiJeiidra esjiecially m India, 
and the Bt-faruf in South America. lieraarkably abundant at the Cape 
of flood Hope. 

Qualities and Uses.—The general character is astringency. The frnits of 
various Viivcimcef and Enei-tr are edible—as O.ryvnmis pahmtru and 0. 
maertK-m-pn (th(> T'hiropenn and North-American Cranberries), Vaecinium 
Mipii/lm (the llillMUTy), V. Vitix-Mrra (the lied Whortleberry), and F. 
tih;pii<)»nn (the Hlack Whortlebeirv), (Umlfhma jtroainihnis, <?. kiapida 
('i'laonania), &c. Hut others are dangerous or even narcotic poisons, and 
this extends to the foliage of such kinds, especially species of Ithodo- 
dmdroH, Aznleii, Kahnia, kc. 1' va-TIrsi leaves, Arcfodajdiy- 

ItM Uvii-rnti, nit! mixed with Tobacco by the North-American Indians, 
and are esteemed ,as astringents; those of some 1^/rnlete, as Cliiniaphila 
tiwiielMa, Amcricmi Wintergreen, rat! usi'd ns diuretics. Oil of Winter- 
git!Pn, known as an antispnsmodic agent, and used in perfumery, is 
obtained from the fruit of Otmltheria proemnhi-nx. A vast number of 
species of Erirn, EhwfmJniilniii, Azalea, &c., with num 0 rou.s varieties and 
hybrids, are objects of cultivation on account of the peculiarity and 
hi'auly of their flowers. They especially constitute what are called 
“ American Plants ” by gardeners, the American Bliododendra, Asudete, and 
Kahnite, &c. biung those which first stroQgly occupied the attention of 
florists. Some of the East-Indiau Ehodadmha are epiphytes. 

(Ei’AcnmACBiE are closely related to Eiicaceie, but are distinguished 
by the one-celled anthers opening hv a chinlc; tlie filaments are also 
commonly adherent to the corolla. The Order is commonly divided into 
two Tribes: 1. Styplieliea!, with one ovule in each cell of the ovary, and 
fleshy fruits; and *2. I'kiaprem, tvith numerous ovules in each .cell of the 
ovary, and capsular fruit. They are peculiar to Australia, the Indian 
archipelago, and tho South-S<>a Islands, occurring in great abundance, in 
the same way as the Erieem do at the Cape of Good Hope. They do not 
appear to possess any active properties: many of them bear succulent 
berries; and some of them are eaten, as those of LimanUm mpida, Astro- 
loma hmnifmmm, the Tasmanian Cranherrj', &c. Many of the Epacri- 
dneem are in culuvation on account of the beauty of them flowers.) 
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Okoeb LXXXIX. OLEACE^. The Olive and Ash Order. 

CUm. ContortiE, Endl. All. Solanales, Lindl. Coh, Jasminales, 
Eenth et. Hook, 


Diagnosis .—Trees or shrubs with Fig. 390 .a Fig. 891. 



Affinities. —The relations of this Order are rather obscure. Some authors 
connect tliem with the Jnsminaeeie; but although some of the genera 
approach that Order in structure, they appear to be distinct in their 
valvate corolla, adnate (dorsiiixcid) anthers, pendulous oruhss, and the 
nature of the albumen. The Salvadoracea* are also to be regairded as a 
neighbouring family. Lindley thinks the Order allied to Solanacete. 

Dlatribntioii.— A. small Order, the members of which are chiefly foimd 
in temperate climates. 

Qualittss and Uses. —Tlic most important plant of the Order is the 
Olive {Olea turopeea), so largely cultivated for the blond oil expressed 
from the fleshy pericarps. Ormis^uropma, 0. rotuncUfoUa, and Fraxinm 
excelsior have a sweet juice which hardens into the substance called 
Manna Fraxinm exeebdor is the common Ash-tree, so valuable for its 
tough wood; it only produces Manna in a warmer cUmate than Britain; 
its bark, as well ns that of the Olive and the Garden Lilac (Sgringa vul¬ 
garis), has decided febrifuge qualities. The leaves of the Ash ^ like 
senna. The flowers of Oka fragrans are used in China to flavour Tea 

This Order contains several of the commonest floweringf shrubs of our 
gardens, the Lilac {Sgrmga), Privet (Idgmlrum), Flmyrea, Chionan- 
thus, &C. 
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OiiDER XC. JASMINACK®. The Jasmine Order. 

Ckm. ContortsD, EniU. AU. Echiales, Lindl. Cok JasminaleB, 
llentk et Hook. 

448. Diagnomf —Shrubs, often ■with twining stems; leaves opposite or 
alternate, mostly eompound; calyx lind corolla hypogynous, fi-8-parted, 
corolla imbricated in the bud; stamens 2, projecting from the tube of 
the corolla; ovary superior, 2-lobed, 2-celled, with 1-4 erect ovules in 
each cell; fruit a*berry or cnpsiilo; seeds 'with little or no albumen. 

iLLTJSTBAnVE GeNKBA. 

Jasminum, L. | Nyctanthes, Jmg. 

Afflnltlea.—^This Oi-d<!V is distirin^hed from the Oleacete by the im¬ 
bricated SDstivation of the corolla, the erect ovules, and the small quantity 
of albumen in the seeds, besides the number of the oigans in the donu 
envclop<>s, which is seldom n multiple of the stamens: most authors place 
it near Oleacete, others near Apocynace® and Ebtmacem; but Lindley 
thinks it has little coimexion with them and really approaches more 
closely to Verbenacoj®. 

DistrUrntton.—^I’he Order is not very extensive; the major part of the 
plants are East-Jndian; a few occur scattered, two even in South Europe. 

Qualities and Uses.—^Thc leaves and roots appear to possess a certain 
acridity; but the most remoi-kable quality is the fragrance of the flowers 
of many kinds, from the presence of a volatile oil. Jaiminmn officmdlo, 
J, ijrmulijlomm, and J, Snmbae especially yield this. Et/Hmit/m Arbor 
ti-isfix is also exceedingly fragrant, but in the night-time only; its 
corollas yield an orange dye. 

(Coi-rMEi.i.iACEiB consist of a few species of Mexican or Peruvian 
plants, which have been siippwed to appreoch Jasminacese, or still more 
closely to Gesneraceco and Kiibiecefe; but their structure is not well made 
out. They have an adherent calyx, epigynous corolla, two stamens with 
sinuous anthers, and an inferior 2-cellea ovary with numerous ovules. 
Seeds albuminous; embryo minute. 

(SAi,VADOBACK.aE are a small Order of shrubs or small trees -with oppo¬ 
site leathery leaves, panicled small flowers; calyx, corolla, and stamens 
4-meious, hj-pogynous; ovary superior,!-celled; stigma sessile; ovule!, 
erect; fruit fleshy, !-8ceded, and -tlie seed ■without albumen. It is related 
by its 4-naiy structure to (.flcaccus and to PlantaginocesD, having a mem¬ 
branous corolla like the last; also resembling Plumbaginacess in habit. 
The species arc found in Indio, Asia Minor, and North Africa. The most 
important is Salvador a ptrsica, supposed to be the Mustard-tree of the 
Bible, its fleshy fruit having an aromatic odour and tasting like garden- 
cress. The bark of its root is used in India as a vesicatory. The leaves 
of S. uuUca are purgative.) 
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Okpib XCI. PLANTAGINACEiE. 

Clam. Plum1)fig^es, EnM. AU. Oortiisales, LiuM. Coh. Plontaginales, 
Eeid/i. td Hook. 

449. Diagnom .—Ohipfly herbs with undeveloped stems and tufts of 
leaves spreiidiu;' more or less on the ground; flowers spiked, regular, 4- 
mpToiis, the 4 stamens attaehed to the tube of the hypogynous dry and 
membranous mouopetalous corolla, alternating with its ii>bcs; the' fila¬ 
ments long aud slender, and the anthers versatile ovarv simple, but 
spuriously 2- or 4-celled by temporary adhenmce of the angles of the free 
central placenta to the walls; ovules 1, 2, or numerous, peltate; style 
and stigma simple, the latter randy cleft; capsule meiuhranous, deliis- 
cenee circumscissilej seeds 1, 2, or many, albuminous; the testa mucila¬ 
ginous. 

iLLIWIItATIVT! OJSNBHA. 

^ Littorella, L. | Planti^, L. 

AiBnttlM.—^This Order appears to find its nearest relatives in Plum- 
baginacem and Primulaccie, from which, however, the position of the 
stamens, alternating with the lobes of the corolla, distinguishes it, in 
addition to other cluiraeters noticed under those (fibers. The supposed 
afliuity to Amaranthaceie and Chenopodiaceic does not appear well made 
out. In LittoreUa there is a tendency to abortion in one or other set of 
essential oigans, producing a diclinous nondition. 

Distribution.—A not very extensive group, the species of wMcli arc 
generally diflused, but most abundant in temperate climatc.s. 

Qualities and TTsea—The foliage is slightly bitter and astringent, but 
the plants are not now regarded on this accoimt. The seeds of many 
species of Phtdojfo, such as 1\ Piii/lliton, amiaria, Ci/hu/is, &c., were 
much used formerly on the Continent, under the name of >S(!mon Psvllii 
and S. Pulicariie, or-Mea-sew^-lbr making mucilaghious drinks like ttose 
prepared from linseed; the spikes of the fruit of P. major are much gathered 
in the green state under the name of Plantain, for feeding caged birds. 
JP. nmjor, minor, and laneeduta, called Plantains or Road-weeds, are 
among the commonest of our weeds du road-sides, in meadows, and all 
undisturbed ground where the soil is not very light. 


Ordbb XCII. PLUMBAGINACE.®. The Thrift Order. 

CUtm. Plumbagines, EndL AH. Cortusales, Lindl. Coh. Frimulales, 
Bentih. d Hook. 

450. Diagnom .—Maritime or mountiun herbs or under-shrubs, often 
with undeveloped stems and clustered leaves; flowers regular, 5-merou8, 
with a plai^d calyx; the 6 stamens opposite the separate petals or the 
lobes 01 the inonopetalous corollathe free ovary 1-celled, with a solitary 
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ovule hanging from a long funiculus whicli arises from the base of the 
cell; stj'les 6, rarely 3 or 4; fruit either utricular or dehisceut by valves 
above; sued with a simple testa and little albumen.. 

iLLUBTBATn'E GeNEUA. 

Statice, Z. Plumbago, Toumef. 

Afflnlttes.—This Oirier is strongly chai'acterized by the peculiar attach¬ 
ment of its ovule; this, with the numerous styles, sttpurates it from the 
Primulacen), which it approaches in the position of the stamens and some 
other points; the sttmts characters, with the po.silion of the stamens, distin¬ 
guish it from Plantaginaceie; and these niiu'hs, with the plaited calyx, 
isolate it titim all the other Coivilitloral Ordei's, among whicli it claims 
a place in spite of tlie uccasioually polyiietaious or even apetalous con¬ 
dition. 

Distribution.—rather large group; some kinds arc found all over the 
vforld on the sea-shore; others are more local in similar habitats, in 
Mlt-nuwsh^^uMu^alumgtojjig^i^^e^tliers^Bgidu^Wong to alpine 

•Wliihin'r tT BeB.^ 'rg g f ?d|jtJllM IIH) lllUliF WwjpffllHi l W W 

acrid ami caustic. The roots of tUa/kc earo/iiiiam are powerfi^^BWii^ 
gent; those of I'lmnhago eurupaa, aylanicd, scmtltuit, and others are very 
active hlistering-agents when fivsh; that of P. eufvpcea is used dried as 
a iviuedy for toothaehe. P. Uakuria is said to furnisli a poison in 
hlormub'iuiie. The Garden Thrift (Armiria itilgnm), commonly used for 
edging, like Hox, is said to he an active diuretic: the dried ilowers are 
used for this purpose. Small doses of the root of Plumhayo europeeu ui-e 
said to act as on emetic. 

The flowers of many of the Plunibagmaeem, eapwially species of .Sfa- 
tke, are very handsome, and many oi-e cultivated on Uiis account 


OuvEH XClll. PlllMlJLACEJni*4%«4MMuuosE Okdeb. 

Class. PetalmaUiaaZHd/. All. Cortusalcs, Lirull. Coh. Primulales, 
*"“"**** Peuth. c< llook. 

451. Diagnom. —Herbs withopposite or alternate simple leaves 
and regular, perfect flowcrl^^WWllhiens as many as the lobes of the 
monopctulouB (rarely polypetalous) hypogynous corolla, and altached 
opposite to them in the tube; ovary' l-c»;lled, with a free central 
jdacuntu bearing several or numerous dbuminous seeds, a simple stylo, 
and a capitate stigma. 

Character. 

Calyx 5- or rarely 4-cleft, free or half-adherent, regular, persistent. 
Corolla hypogynous, monopetalous,and the limb regularly 6-,or rarely 
4-deft; or more rarely composed of separate petals, or absent. 
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Stamens equal in number to the petols or 
adherent to them; or in apetalous flowers 
hypogynous and ^tornating with .the 
teeth of the ealj^. 

Ovary 1-celled, with a fteo central pla¬ 
centa bearing many ovules; style single; 
stigma capitate. 

Fruit : a capsule opening by valves, more 
rarely circumscissile- (fig. 392), many- 
seoded; seeds peltate; the embiyo in 
fleshy albumen. 


lobes o|^ the corolla and 
Kg. 302. 



oiHsning by 

mrcumBcasBile dt* hitiuenoe. 


Illustkativk Gkneha. 

Primula, L» Olaux, lornnwf. Anagallis, Tournrf. 

Cyclamen, Tournef. Lysimachia, Mwueh. Samulus, Toitmef. 


Aflliritlea.-:-Thia ia an OnlHr whit-h atmnglv attracts thi 


ligniata en nrenimr. 


n ■ TOC^TtTiyn iirnJtjTTfTl ^JTTTiTilT!^ ftfSI 


"It is one ot those lir whicii the tree central piaccmtsy^'SZC, 
Itiuctly seen, forming an exception to the ven- general rule of 
the placentas arising fr6m the nuirgins of the carpels, liii the next phute 
the position of its stamens opposite the petals is an exception to the rule 
of altemation of the organs of successive floral whorls, to be explained 
only by supposing an intonnediate whorl of stamens to be suppressed (in 
favour of which is found tlm condition of Samdm, LysinuwMa riliata, 
and others, where five teeth, which may be abortive stamens, altcn)at(! 
with the lobes of the corolla), or by the hypothesis of vhtrMs (§§ 141), 1 .">2). 
In Samohm we have the calyx partially adherent to the ovary. In some 
foreign genemthe petals are either nearly .or quite distinct. In Tririttiilis 
europeea the lobes of the eal.vx, corolla, and the unrulier of stamens varj'' 
from 6 to 0. In Gtmu the corolla is absmit, and the calyx coloured. 

The relations to PhimLajjin^ffi^arev(‘ry close, both in the structure and 
the habit of many KimiSni^etTOen Androsarr and some Primider and Ar- 
tneriit, itc.; but the solitary ovide of that family is a distinctive character. 
The Kimidaceie are still nearer to the exotic UrderAbmjjj^lgimas regai-ds 
the structure of tlie flowers; but those are trees or anBo^witu berry-like 
fruits, and have minor uliarar^rs of distiimtion noticed tmder that Order. 
On the other hand, they approoch So^^^^in habit, but differ much in 
structure. 

Dlstrlbntion.—A considerable family, the species of which ore chiefly 
foimd in temperate and coU parts of the Northern hemisphere, in alpine 
regions nr the sea-shore when in lower latitudes. 

QnaUties and TTsos.—^The Cow'slip (Primula verts') and other species 
appear to possess stidative properties. The Soltltmelke are slightly purga¬ 
tive. ' The Cyclamens have a fleshy tuber which is more or le^ acrid; 
and Cyclamen eurapasutn is said to be a drastic purgative. 

'Hie most remarkable quality is perhaps the beauty of the flowers, for 
which a great number are cultivof^, especially species of Primula, which 
includes the Cowslip, the Primpjfc P™Per (F. vulgaris), the Polyanthus, 
a garden variety of 1^, the Ox^j(P, elatiar), the Auricula (P. Asmcula, 
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from the Alps). &c._ Many dwarf speciea of Primula and Androsace are 
“ alpine plants, a4Na abo SuldaneHa. OUatx and Samohm belong to snlt- 
morshus; Ilattoma to freshwater brooks, having feather? submerged leaves; 
the Lnnimachiee mostly grow in wet places. Many of the genera are repre¬ 
sented in our native flora, while Awdroiiace, Dwleeatheon, and SoUmutUa, 
which are nubtly alpine plants, are commonly cultivated. 

(Myhsinaci!^ are so closelv related to I’rimulacero in the structure of 
the flowers that no absolute cTharacter of distinction can be drawn there- 
fr'om, since the imbedding of the ovules in the placenta, ^ncral here, 
occurs in several Primulaceous genera, for example in AnoffaUis. But the 
Myrsinacete are of shriibbv or troe-liko habit, mid their fruit is fleshy. 
Thev belong chiefly to the islands of the Southern hemisphere; and some 
of them are cultivated in this comisry ns evergreen shrubs requiring pro¬ 
tection in winter. The seeds of some 3pe<!ie8 of Theitphranta and Myrtiue 
aif nutritious; and the benies of some pbuits of the Orde^ are edible, 
although otliera oi'e said to be cathartic.) 

(yEGiCKnACK.s? include a* genus of plants growing on sea-shores in the 
tropica, .and rooting from aeod wo ss o le like tihisophoriieesB, and con- 

si46uaLb).&rm adistiuut tfrder 1^ some writers. fr om” 

Myrsiuacea) chiefly in having exfubuminous seeds, a follicular fnMt)"«Bd • 
transverse dehiscence of the anthcra) 


Orukr XCIY. SAPOTACE.®. 

Cltm. Petnlantho!, JStM. All. llhamnales, Lindl. Coh. Sapotoles, 
Betdh. et Ilmk. 

452. Jh'ai/ttosis ,—^Trces or shrubs, mostly with a milky juice; loaves 
atternate, simple and entire (often nisty-ilo’wny beneath) ; flowers small, 
ivgular and perfect, usually in axillary clusters; calyx free and persistent; 
the fertile stamens commonly as many as the lobes*of the short hyiiogy- 
iioiis corolla, Md opposite to them, attached^-the tuhmloug with one or 
more' rows of appendages and scales or sterilu stamens; anthers extrorse; 
ovary 4-I2 -co11m, with a single anatropous ovule in each cell; seeds 
large, usually-alhinntnow. 

Illustrativk GkniAa. 

Chrysophyllum, L, | Isonandra, Wiyht. | Basraa, Aiha 

AfSsltles—Allied to Myrsinacete, but distingi^feied by the placcntation, 
onati'opal ovules, and other important characters,—also to the h!beuaivx‘, 
which they resemble in habit; but they have a milky juice, and wood 

g enerally of a soft character; other dinerences also exist in the perfect 
owers, such as erect ovules, simple styles, &c. 

Distrttmtion.— A. considerable group. Chiefly tropical: Asia, Africa, 
and America. _ 

QuaUttoa and Vses.—^The plants of this Order are Taluable for succu¬ 
lent fruits, febrifuge hark, oleaginous secretions, and peculiar gum-resins in 
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the milky juices. Of the fruits, the Sapodilla Plum (Achrat Sa/iota), 
the Manualade (A. mamniom), the Star-apple (^Chr}0)^yUu7n Cawitti), 
and the Surinam' Medlar (Mimusops lilmyi) are the most noted. The 
bark of various species of Achras has been used as a substitute for Cin¬ 
chona The fruits of litmia butyracea and li. Imyifotia yield a butter¬ 
like oil, largely used in India; another species in Africa is said to yield 
the Shaa or Galain butter nientiouod by travellers. Immundm Otifa is 
the tree from which Outta Fercha is obtained, by evaporating the milky 
juice. 


Orubb XCV.'^JBirNACEj:. . The Ebony Order. 

Clans. FetolanthiB, EiuH. AM. (hmtianales, hindl. CiMi. Sapotoles, 
lieiith. et Hook. * 

4i)3. ihwywMw.-r-Trccs or shrubs udth alteioiate entire leaves, without 
milky juice; Jlowers regular, polygamous, with the calyx free from the 
3-^12-celled ovary; the stamens twice or four times as many as the lobes 
oftheoorolla, often in pairs Jjeibre them; anthem introme; miit a several- 
cellcd berry; ovules 1 or 2, suspended from the sunnuit of each cell; 
seeds large, mbumiuuus; radicle superior. 

Illustrative Genera. 
lioyena, L. | . Diospyros, L. 

Atanitiei.-r-Tlie Kbenaccce art? distinguished from the Sapotneete by 
several important chaiaeters noted under that Order; on the other hand, 
they approach the Atjuifolincea? in many points, but are separated by 
their strongly coherent doral envelopes, usually numerous stamens, and 
twin ovules, &c. To the Oleaceu? they are allied by the placeutation and 
other points; but the olteniate leaves, more numerous stamens, and com¬ 
monly dicliuous flowers allord very marked distinctions. The Stym- 
CHcecB ore also very near to this Order, but frequently have an adherent 
calyx, petals less coherent, and a simple style with a capitate stigma. 

Distribution.—A considerable group, the members of which are dis¬ 
tributed mostly in tropical Indio, but a few are scattered elsewhere. 

Qualities and Uses.—Thepprincipal poperty which bos beeil noted in 
these plants is astringency; but they are 'l)(?tt(?r known and fm more 
important on account of thpr hard and durk-coloured wood, the heart- 
wood of many species of Diospyros ponstitutiug Ebony; D. Ebeuus yiedds 
it in MamitiuH; D. Mdtkoxyhn on the Coromandel coast; D. Dhenaster 
is the bastard Ebony of Ceylon; and D. hirsuta has a variegated wood 
called Calomander. Other species are also used. 2). utri 7 mmm,uNorth- 
American species, bears the fruit called Fersimmon or l>ate-plum, wMch 
is astringent when ripe, but is eattjn after it has been affected by frost. 
Diospyros lotos (Europe) and D. AoM (phinaj; have also edible flniit 
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Ohdee XCVI. AQUIFOLIACEJS oe ILICACEiB. 

The Holly Oeueh. 

Clasn. Frangulaceaa, EuM. All. GentianaleB, Lindl. C(A, Olacinales, 
BentJi. et Jlook. • 

464. Diagnosis. —^Trees or shrabs, with small, axillary 4-6-inerou8 
flowers, sometimes diclinous by abortion; a ininute cdroUa free from the 
4-6-cclled ovary and the 4-(l-seeded berry j the stamens as many as the 
divisions of the almost or quite divided 4-46-petalou8 corolla, altemate 
with them, attached to the very base; bvaiy 2-6-celled; cells with 
1 ovule; stijnna almost sessile, Imied; ftuit'saccuiont, with 2-U-stones; 
seeds suspended, with copious fleshy albumen; radicle superior. 

Illusteative GeneEa. 

Hex, Z. _ I ^ ' Prinos, X. 

EfflnitleB.—The afllnities of Aquifoliacem to Ebenacese and Sapptaceso 
have been nothaid under those Chders. Some authors consider them re¬ 
lated to lihamnaceai or Celastracem; but their monopetalouB corolla, 
want of disk, straight embiyo, and their relations to Ebcnaceo:, as well 
os the difierence in the ovary and seeds, remove them from the immediate 
neighbourhood of those Orders, Uu the other hand, they exl^bit some 
approach to Logauiocetc and Apocynacete. 

DistritmUon.—^A snudl Order, widely scattered, but sparingly. Ikx 
Aquifolium, the Holly, is the only European siiecies. 

Qualities and Uses. —The bark is ordiuarilv astringent and tonic, and 
that of the. Common Holly is esteemed a fetrifugo; its berries produce 
emetic and purgative action; its leav.e8,aud still more those of Ilex ^ara- 
giwgeasis, called Mato or I’oraguay Tea, resemble Tea in property, as is the 
case also witli I’l-itim glabra, a North-American shrub. Other species of 
Ilex are also used for this ^iniqtose in South America. The viscid substance' 
called Bird-lime is made Irom the bark of the Holly; and its close white 
wood is valued by cabinet-makers. 

(SxTEACACEiB are remarkable among the Orders here placed near it for 
the mcc||8tancy of the character dependent on the adhesion of the calyx; 
Miers diodes it into two, Symplocaceie andfltyracacese, separated by this 
mark, and by the testivation ef the coi-olla and other points. It is com¬ 
monly regarded as related to Ebenocem among tlie CoroUiflorsls, and also 
to Aurantiacem and Temstroimiaceie among the Thalamiflorals; while 
Idudley connects it with Celastraccai through Sapotaceee: others point 
out a resemblance to l*hiladelphncei». 

Dtstrltmtlon.—Scattemd sparingly in the warm regions of Asia and 
America. 

Qualities and Uses. —^Bitter and aromatic, sometimes containing a pun¬ 
gent resin. Gum Benzoin is obtamed from Styrax Benzoin in the Mday 
archipelago; Storax from iSf. in Syria; other species yield siinilM 

resins, ^mplocos furnishes dyes or mordants; the leaves ot S. tinctoria 
(Sweet-le^, or Horse-sugar, North America) are sweet, and are eaten by 

I 
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cattle. Hcdma tetraptera, another North-Anierioan plant, is called the 
Snowdrop-tree, on account of its numerous white bell-shaped blossoms.) 

(Olacacbjb are an Order of tropical trees and shrubs, apparently nearly 
related to Santalacen;, but have distinct petals and a ^ee ovaiy; tliey 
have the stamens opposite the petals. Icacinack.®, separated irom the 
preceding bv Alieis, have the stamens alternate with the petals'. In both 
the (estivation of the petals is vulvate; while Cynn.'LACK*, a group of 
North-Ajperican slimb-s, have imbricated petals. Huhiiuackas are tro¬ 
pical American trees or shrubs with .babimnic juice, and monadelphons 
stamens having an enlaiged fleshy connective; they appear to be related 
to the Olacacore, while, on the other hand, they have aflinities with the 
Styracaceie and with the Aurantiaceie. Tlie systematic position of all 
these groups is at present niiaettled, ns is also that of CANBin.ACRA:, a 
little group of plants connected witli Clnsiaceffi by soni^uthors, by others 
with Olac(u;eic and their allius.) 


Order XCVII. LOGLANIACE^. 

Qasa. Contortae, Midi. All. Gimtianales, Limll. Coh. Gentianales, 
]ienth. id Jlovk. 

455. Diagnosig .—Shrubs or herbs with opp^ite leaves and interposed 
stipules sometimes reduced to an elevated line nr a ridge; calyx 4-5- 
cleft ; corolla hypogynous, monopetalous, regular, 4-, 6-, or 10-cleft, val- 
vate or contorted or imbricated in mstivation ; stamens inserted on the 
corolla; ovary superior, usually ^-celled; style divided above into as 
many lobes as the cells of the ovaiy; ovules numerous or solitary; ftnit 
capsular, 2-celled, with the placentas Anally detached, drupaceous, with 
1- or 2-8eeded stones, or baccate with the seeds immersed in pulp; seeds 
with a straight embryo in fleshy or cartilaginous albumen, sometimes 
winged, mostly peltate. 

IxXTJSTBATIVE GeNEBA. 

listeria. Wind. | Lngania, R. Dr. Strychnos, L. 

Spigeli^ L. I FegnBa, Thmib. 

lOidtlca.—^Tliis Order was formerly associated with Apocynacere and 
the neighbouring Orders; but, as remarked by Uentham, it consists, on the 
whole, of llubiacem with a free ovary, at the same time approaching, by 
certain of its diverse forms, some of the genera of several of the Corollifloral 
Orders even more nearly than the general mass approach Rubiaceie. To 
Apocynacese, which are very near in general structure, some genei^ such as 
OerdoitoTna, which has contorted esstivation of the corolla, and MUrasacme, 
where the carpels are partially distinct below and united above, approach 
very closely Mtirmacme and Mdreobt were formerly arianged os doubtful 
Gentiahaceas, and Fagraui and PotaHa approach still more, nearly, the 
former greatly resembling Lidantkus in character, while Buddleia and its 
allies have b^n referred to ScrophulariacesB until lately, hat are Inought 
into fhia Order Benthom, since they cannot be separated &om Logmia. 
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The miun difference from Apocynacete lies in the etipnlea; hut these are 
sometimes reduced to a mere lino connecting the leaves: the peculiar 
stigma of that Order affords another means of separating them; and ^e 
Apocynacem ofteli have bypogvnous glands, which the ijogauiacese have 
not. From Gentianacese-the distinction lies generally in the stipules and 
the Rxile plocentation; occasionally the sucmdent condition nr the fruit 
is required as a decisive mark. From the Scrophulariacem the stipules, 
the regular corolla,'the agreement of the number of. stamens and lobes of 
the corolla, and quincuucial sestivation divide Loganiacea; in most cases; 
and although that aestivation and the regular corolla occur sometimes in 
the former Order, there are then usuallv alteraate leaves and no stipules. 
As observed by llebtham, this is hardly so much a Natural Older as a 
receptacle for anomalous forms of several really natural groups, Kubiaceso, 
Apocynoceie, Gentianacese, &c. 

Dlstrltmtion.—A rather large group, the species of which ate chiefly 
tropical, but some are found in North America and Australia. 

Qualities and Uses. —The plants belonging to this Order have mostly 
poweifril poisonous properties, in particular the genus Iftrychnm. & 
Xux-wnnica hears the seMs known by its name, so noted for the presence 
of Str^'chnia 8. toxifera is said to furnish the active ingredient of the 
celebrated Woorali poison of Guiana. 8. cogem is likewise used to poison 
arrows in Central .^Vmerica. 8. Tieut^ (the bark of the root) yields the 
Java poison called l.'pas Tiente. Many seem to be free from stiychnia as 
regants the bark; for that of 8. l^udoquina is used as a substitute for 
Cinchona in Brasil, that of 8. Niar-rontica also, and the wood of & Ugustrma, 
called Lignum colubrinuni. 8. potatontm, an £ast>Indian species, is called 
the Cleanng-nut; and it is said that, when its seeds are rubmid round in a 
vessel containing muddy water, it causes the impurities to settle. The 
seeds from the Philippines, known ns St. Ignatius’s Beans, have been 
described us the seeds of a plant called Ignalta amara ; but Bentbam has 
shown that this genus has no real existence, and that the seeds are pro¬ 
bably those of on unknown SXrgc/mos, perhaps muMiflora, which grows on 
those islands, lie states also that much uncertainty exists as to the 
identity of the many species described by authors, such as 8. cogem, ligug- 
tritta, &c. The species of 8pigeUa are aero-narcotic; 8. marilandica, the 
Carolina Pink-root, and 8. anthelmia are used as rerraifiiges, but are 
somewhat dangerous, sometimes producing spasms and even convulsions. 
I'otalia amara is bitter, acrid, and emetic. 


Order XCVIII. GENTIANACE.®. The Gentian t)RDER. 

Class. Contorto), Endl. AU. Gcntionales, Undi. Coh, GentianaleB, 
SaM. et Hook. 

45G. Diagnosis .—Smooth herbs, with a colourless bitter juice, 
opposite and sessile leaves, mostly simple, entire, and strongly 
libbed, without stipules; flowers regular, with a persistent calyx, 
with stamens as many as the lobes of the usually withering-persisl^t 
corolla, and which are convolute (rarely imbricated, and sometimeB 
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valvate) in the bud; ovary 1-celled, with two parietal placentas, pro¬ 
jecting more or less toward the centre; the frait mostly a 2-valvod, 
septiddal, many-sooded capsule, sometimes with a fleshy pericarp ; 
seeds small ; embryo minute in the axis of fleshy albumen. 

iLIiTTSTBATIVn OSKEBA. 

Gentians, Z. Erythneo, Men. Menyanthes, L. 

Agathotes, Bon. Chloro, L. Villarsia, Vettt. 

Afltnltles.—This Order stands very near Apocynaceie, from which it 
differs in its placcntation and completely coherent carpels, habit, want of 
milky juice, and other points. Tlio parietal placentas distinguish it from 
the Scrophulariacea) and allied Orders which sometimes show an approach 
to the re^lar structure of Gentianacete. Oesneracefn differ in their irn'gular 
flowers, ucilc embryo, and other characters. An affinity exists to Oroban- 
chacete, ^ecially through Obolarin, a N.-Ameriean plant formerly re¬ 
ferred to that Order, Voyra, a parasitic leafless genus, and some allied 
forms lately discovered in South America, while Craw^erdia, a twining 
genus, seems to connect the Gentianacea) with OonvolviilaceiB. 

Distrttmtion.—A large Order, generally diffused—^tho large genus 6re»- 
tiam especially inhabiting the mountains of temperate and hut climates, 
but not m polar regions. 

QoalitleB and Uses.—Hitter, tonic properties are general; a few arc 
emetic or narcotic, especially when fresh. Among the hitter kinds medi¬ 
cinally employed are the Gentians, G. Iwtea (ofriaiMl),)mtetata,pur)>nrca, 
ponnontro, ail European, O. G.Kitrron (Tliiualaya), FroKcra 

WaUeri (IJ.S), Ajiathote* Chirayita, a native of the Ilimalaya-s. Brythrtea 
Centaurium, Menyanthes trifdufta, Chhra perfoliata, Onitiana eampesfris 
and Amardla, all British herbs, have been used in the same way. The 
plants of this Order mostly have heantiful flowers, brilliant blue predomi¬ 
nating, but red, white, and purple, and more rarely yellow ocwirring. The 
Gentianella of our gardens is G. acaidis ; and the smaller Gentians are among 
the most beautiful of alpine plants. Villarsia nympheeoides is an elegant 
water-plant occurring in Britain. .Zdmmnthemum, an exotic genus, is also 
aquatic. 

. ^DEB XCIX. APOCYNACEiB. Dog-banes. 

CloBs. Contortse, EnM. AM. Gentianales, lAndl. Coh. Gentianales, 
BenJth. et Hook. 

457. Diagnosis .—^Plants with milky acrid juice, entire (mostly 
opposite) loaves, without stipules; flowers regular, S-morous and 
S-androus; the 5 lobes of the corolla convolute and twisted in the 
bud; tb^^laments distinct, inserted on the corolla, and tho pollen 
grann^if| bvascy 2- or more rarely 1-celled, composed of 2 carpels 
more querent in the ovarian and stylar region and quite 

bleit^:^ drom-shaped or dumbbell-shaped stigma; ovules nu- 
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merouB; fruit 1 or 2 follicles, a capsule, drupe, or berry; seeds mostly 
with fleshy or cartilaginous ^bumen. 

Illitstbativb Gsnbba. 

AUamanda, L. TabemsBmontana, Fbmi. Nerium, L. 

llancuruia, Omnez. Vinca, L. Apocynum, Toaratf. 

C'arissa, L. Wrigutia, R. Br. Dipladenia, 1)C, 

Tanghinia, Thouars. 

Affinities.— lielated closely to some Tx>ganiaceffi and to Gentianacem, 
as noticed under tlibse Urders—also to Asclcpiadaceae, &om which they are 
chiefly distinguished by the freedom of the stamens from, the stigma and 
by the coherent pollen. The thickened stigma, however, and appendaged 
anthers found here indicate a close relationship. Alt/xia has ruminate 
albumen. 

Distribntioii .—A large group, the species of which ore chiefl|y tropical, 
a few scattered in temperate dimates. Vinca occurs in Britain. 

Quaitties and Uses. —Uflen violent poisons, acting as drastic purgatives 
and emetics, sometimes with a narcotic influence. Not a few, however, 
have delicious edible li-uits; and the bark of some is tonic and febrifuge. 
The luill^ juice conltuns Caoutchouc, in some cases sufficient to become 
commercially valuiible. The poisonous principles appear to occur chiefly 
in the seeds and in the milky juice. The seeds of Tanghinia venmifera, 
the Madagascar I’oison-uut, are very deadh’, os are also the seeds of Cerhera, 
TIutvetia, UameraHalatifolia{y]i<i Bastard Mauchineclj, the stem, root, leaves, 
and flowers of Nerium (the Uleander), Jichites, Plutmera, &c. Where some¬ 
what milder, as in Apocymtm and Allamanda, th^lonts are occasionally 
available medicinally, but only in small doses. Wrightia atUidgseuttirica, 
some species of Cariena, llmuniruia pubesceim, and others are simply Htter 
and lebrifuge, like Gentians. The succulent fruits of Hancorma gpedosa 
(Brazil), Varima (Jarandas and edulis (East Indies), RoupeUia grata (Sierra 
Leone), are not only harmless, but very delicious. Caoutchouc is obtained 
from t/rceda eladka, Willughbeui edwts (East Indies), Vedtea gummifera 
fMadagascar), Colluphora utiUs and Cameraria latifolia (South Amenca^. 
The milky juice of Tabertueruontaiui utilis, the Cow-tree of Demerara, is 
innocuous and nutritious. Wrightia tincturia furnishes a kind of indigo; 
and the wood of species of Wrightia (East Indies), Aspidmperma (Guiana), 
&c. is valuable as timber. This Order furnishes some of our most beau¬ 
tiful stove-plants— JSchites, AUamanda, Dipladenia, Nerium, FltmUera, &C. 
forming smkiug ornaments in every extensive horticulture coy.ection. 


.Obdee C. ASCLEPIADACE^. 

Class. Oi^tOrtae, .EiuS. .dS. Solanales, XmeK. CoA. Gentiauales, 
Benth. et Hook. 

458. Diagnosis .—Shrubs or herbs, often twining, with. nulky 
juice, opposite or whorled (rarely scattered) entire leaves without 
stipoleB; flower regular, 5-merou8,6-androus, the lobes of the corolla 
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mostly valvate; carpels 2, distinct, but adherent below; stigmas co¬ 
herent into a 5-angled fleshy head, to which the anthers are adherent 
(fig. 393); pollen coherent into wax-liko or granular masses; ovaries 
with numerous ovules on the sutures; fruit a pair of follicles, or by 
abortion 1; seeds mostly with a crown of hairs at the hilum, with 
thin albumen. 

InnusTnATiVK Genkba. 

Hemidesmus, S. Br. Oalotronis, JJ. Br. Hoya, It. Br. 

Poriploca, L. Cynaneuum, L. Stapelia, L. 

Vincetoxicum, Mamch. Akilepias, L. 


Fig. 303. 



Fig. ?93. a, Flowttr c/t pvrpuraKenK\ d, a rertiad aiHjtion, with th(« 

removed: o, tide view of a stamen: d, inside visw of an anther (p, 

#» two p^len-muses; cross section of ovary. 

Afflnltlew—^The curious organizotion of the stipmia and pollen is the 
great distinguishing feature of this Order, which in otheu ntspocts is 
closely allied to Apocynacese. When the pollen is mature, it escapes in 
“ pollen-masses ” nom the anthers (fig. 303, e), and adheres to gelatinous 
processes developed on the sides of the stigma, which retain it, so that it can 
push its pollen-tubes into the lateral and inferior stignmtic surfaces; after 
fertilization, the stigma with the adherent anthers and filaments separate 
from the stvle and leave a pair of distinct carpels, which ripen (one or 
both) into free follicles. 

Dlstrllmtlon.—A large Order, mostly tropical, in Asia, Africa, and 
America; one or l?wo species occur in Europe, and a few in North 
America. 

(joalltieB oDd tTses. —Generally resembling the Apocynacese; but the 
active properties are not so much developed, and the succulent fruits do 
not appear here. Species of Aadepiaa, Cynanchum, CaMropis fMudar), and 
Jhaipuan am more or leas emetic or purgative; the leaves of Sulenontemma 
Ar^l Gtmq)hocarpug fhttieosHs are frequent adulterations in Alez- 
andriair^nna, and are said to cause niping. The roots of Hemidnmm 
indiem am used as a substitute for Sarsaparilla. The milky-juice of 
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Ci/iitt»chum obalifoUum yields Csontchouc at Penang. Marsdenia tma- 
eimma and OrthmMinra viiidnea, East-Indiau plants, afford a'very tenacious 
fibre; Mamdmia UiteUiria a kind of Indigo. The fftapelia and Oerope- 
ffitr are remarkable for their succulent habit; some of them form curious 
tubers, as lircmhyMma. Hm/a partakes of the succulent habit, but W 
-wa.v-like learcs and blossoms, sometimes veiy handsome. Dkclddia is 
remarkable for its pitcher-leaves (§1U1). Oynmejna ladifnra is the Cow- 
plant of Ceylon, which yields n milky juice, harmless and nutritious, and 
which is used by the natives as food. 

(TIviJnoi*im.LACT5.is form a small Order, allied in some respects to 
Tloraginaceie, but differing in their one-celled luany-soeded ovary with 
parietal placcntatiou, which also separates them from Polemoniacea!, with 
which they have many points of agreement. They are chiefly natives of 
the north and extreme south of America. Their jwoperties are unimportant; 
but species of some of the genera, ns Ncmnph{la,EtUoea, &c., are interesting 
and riiowv garden plants, grown with us as tender annuals. Ilydroleads 
are sometimes separated from this Order by reason of their distinct styles 
and anatropoos ovules.) 

(Diacensiackas consist of two genera, Dinpenma and Vyxidanlhera, 
each having one species. They are connected with Convolvulaceas by 
some authors, but appear to stand betweem TTydrophyliacem and Pole- 
moniacete, having a .•{-celled ovary like tlie latter, imd a filiform embiyo 
with very short cotyledons, approfudiing that of the former. They tire 
very closely allied to Ericaceic, but the anthers do not open by pores.) 


Okder CI. POLEMONIACBiE. The Phlox Order. 

Cltm, Tubiflorm, Ettdl, All. Bolanales, Lhidl. Coh. Convolvulales P, 
linith. et Hook, 

460. JDittjptosia .—Herbs with alternate or opposite leaves, regular 6- 
nicrons and 6-8ndrous flowers^ the lobes of the corolla mostly convolute 
(sometimes imbricated) in sesUvation; ovary 3-colled, style .3-lobcd; the 
capsule 3-called, .3-valved, loculicidal, few- or many-seeded; valves usui^y 
breaking awav from a triangular central columella; see^ albuminous; 
embryo straight; cotyledons elliptical, foliaceous. 

Illustrative Genera. 

Phlox, X. lAtptosiphon, JSenth. Cantua, Jim. 

CoUomia, Nittt. Polemonium, Toumef. Cobeea, Cav. 

AflinttiM,* 0 .—One of the smaller Orders; it is remarkable for its 
8-celled ovary. It is nearly related to Convolvulacete, Ctjb^ agreeing 
even in the climbing habit; the ovary equally distinguishes it from these, 
the Hydrophyllaceas, and the GentianW®, to all of which it has clore afii- 
Tiity. From Diapensiacoae it differs in the regular calyx and insertion of 
the* stamensj as well as in the embryo. The seeds are remarkable in many 
cases for hairs upon the testa cont^ing a spiral fibre; in CoUonda these 
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expand elastically 'vlien wetted; in Cdbeea they are short, broad, and firm. 
The PolemoniacetB occur most abundantly in the temperate^ regions of 
North and South America. Putemonium eterttleum, Greek Valenan or 
Jacob’s Ladder, grows in the north of England, and is common in gardens. 
The other genera furnish some of the faronrite tender perennial and annual 
herbaceous plants of our gardens. They haTe no important properties. 


Order CII. CONVOLVULACE.®. The Bindweed 
Order. 

Gass, Tubiflone, EiM. AU. Solonales, •lAnM. Coh, Convolvulales, 
Benth. et Hook, 

ft 

460. ibaj'now.—Chiefly hvinii^ or trailing herbs, sometimes 
leafless and parasitic, or shrubby and erect, often with some milky 
juice; with alternate leaves (or scales); flowers regular, o-androus j 
calyx of 6 imbricated sepals,the 5-plaited or 5-lobed corolla convolute 
or twisted in the bud; ovary 2-celled (rarely 3-celled), or with 2 
separate pistils, with 2 oioct ovules <in each cell, the cell sometimes 
doubled by a false partition between the seeds, thus falsely 4-cclled; 
embryo lai^c, curved or coiled in mucilaginous albumen, with folia- 
ceons cotyledons, or ( Cusevtecs) filiform and coiled with the cotyledons 
scarcely perceptible; radicle inferior. 

lLi.usT]UTrvE Genera. 

Convolvulus, L, I Ipomcea, L. 

Exogonium^ Clutis, \ ' Cuscuta, Toumef, 

AfflnltiM.—^This Order approaches the regular monopetalous Eoragina- 
cesB, Polemoniaceffi, and allied Orders; the structure of the ovary separates 
it from the first, the -curved embryo and thb fruits from the second. 
Gordias also differ in their .exalbuminous seeds and superior radicle. 
Some of the Convolvulacess are of shmblw habit, and depart widely from 
the appearance with which we are most mmiliar. Cusaita is sometimes 
made the type of a distinct Order; but the parasitical habit is not a sufii- 
cient character. 

DistribnUon.—^A la^ Ordw, of which a few speJies occur in-temperate 
climates, but the majority belong to the tropics. 

Qualities and Psoft^ A purgative property gencially characterizes these 
plants, among which are several yielding important medicinal substances. 
True Jalap is the root of Exogomm Pur^o, Scammony of Convolvulus Scatn- 
tnonia; J%arbifis enthartka and Ipomasa iuberosa yield a rimilar substance. 
The tdiite hedge-Convolvulus, Calystegia sspmm, has a similar action, as 
also varioap Jpomaa and ConwdvuU, the active matter being a kind of resin 
existing kl'the milky juice. The seeds of FhatiUis AtJand P. eesrulea 
are also used as purg^ves. On the other hand, Batatas edtilis forms a 
large fleshy tuber, which is widely cultivated and eaten under the name of 
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the Sweet Potato, and Ipomma nuterorhim has edible farinaceous roots. 
The twinin;^ and trailing plants of this Order are mostly remarkable for 
the beauty of their flowera, and many of them are cultiTated; the garden 
Mnjor Oonyolvulus is P/uirbUt* purpurea, the blue Miner CouvoItuIus is 
Cmtvdvulm tricolor. Cmvolcititu arvwds, Bindweed, grows o’^erywhere, 
on the ground, rooting at the nodes; C. Mdanetta grows in like manner on 
the sea-shore; Cuhikegvt gepium, the White Convolvulus, is one of onr 
most beautiful and at tiie same time commonest hedge-plants.—^The 
CuMitiitB are remarkable for their leafless para-sitic habit; they germinate 
in the ground, and then eOil themselves round the stems of jihints and send 
mots in through their rind, by which they are then entuvly nourished. 
Thev have wire-like stenis with minute scales at the nodes, and tufts of 
small Convolvuloceous flowers. They are groat pests in clover- and flax- 
fields, destroying the plants they infest. 


'Orbicu cm. SOLANACE^. Nightshades. 

Tubiflorie, Endl. All. Solanales, Lmll. Coh. Convolvulales, 
Benth, el Hook, 

461, Diagnosis. —Herbs, rarely shrubs, with colourless juice and 
alternate leaves; flowers regular, or slightly irregular, oftpn.,extra- 
axillary, 5-merous and 5-audrous, on bractlcss pedicels; corolla 
hyiwgynous, plaited-imbricate, plaited-convolute, or involutive-val- 
vate in mstivation; stamens cpipetalous; ovary 2-cell6d, cells 
antcro-postcrior; fruit a 2-celled (rarely 3-5-celled) many-seeded 
eai)sule or a succulent berry, ^cd albuminous; embryo curved. 

Character. 

Calyx free, or rarely 4- or 6-cloft, peraistent, or the upper part se¬ 
parating by transverse dehiscence, mostly growing somewhat 
during the ripening of the fruit (accrescent). 

CoroUa monopetalous, 6- or rarely 4- or 6-ported or toothed, rotate, 
campanulate, funnel- or salver-shaped, sometifties obliquely irregu¬ 
lar, plaited-imbricate, plaited-cpnvolute, or involutive-valvate in 
the bud. 

Stamens attached to the tube of the corolla,, equi^ in number to its 
lobes and alternate with them; filaments sometimes rather un¬ 
equal; anf/isrs 2-coIlcd, with, the cells sometunes connate above, 
dehiscing longitudinally or by terminal pores. 

Ovary usu^y 2-colled, the carpels ahtero-posteiior; placentas azile, 
sometimes enlarged into spurious dissepiments, rendering the ovary 
4-oclled; ovary rarely 3-5-ccllod by increased numbm^ of carpels; 
ovides numeroiu; style simple; stigma simple or lobed. 

Fruit capsular, with septicidal or transverse dehiscence (fig. 291), or 

p6 
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the embi^o mostly slender and carved, 8omotim(» straight, with 
foliaceoas cotyledons in fleshy albumen. 


Ilg. 896. 
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Illpsteative Geneea. 

•Petunia, Jum. *Hyoscyamus, Tourncf. Solanum, L. 

•Nicotiann, Tournef. Pnysalis, L. •Atropa, L. 

•Datura, L. Capsicuio, Tmmef. •Manuragura, Tmtn^. 

r AiBnitiea. —A considerable ran^ of variation in the condition of most 
of the organs upon which a character is founded renders it difficult to 
circurascnbe this Order strictly; in fact it passes by almost insensible 
‘gradationsinto the Scrophulariacese. Generally speaking, the Solanacess 'j 
are distinguished by the plaited mstivation of the corolla, equality of the [ 
number of stain^-ns with the lobes of the corolla, and a curved embryo 
from the Scrophulariacere, which have imbricated iBstivation, stamens 
fewer than the lobes of the corolla, and a straight embryo ; but none of 
these characters are constant in the former Order; yat the nearly regular 
corolla and five perfect stamens will in almost all cases distinguish the 
Solauaccic. Miers hiM lately proposed, in extension of a suggestion of 
R. Drown, to establish a new Order, Afropacew, to include the aberrant 
forms of Solanacnm and Scrophulariacen;, and leave these better defined— 
the brief diagnoses of these Orders being:— 

1. Solakace^. Stamens equal in number to the lobes of the corolla (or 

petals), whose sestivation is valvate or indiiplicate-valvate. 

2. ATEOEACKAi!. Stamehs equal in number to the lobes of the corolla (or 

petals), one sometimes sterile; (estivation of the corolla imbricated, or 
some modification of imbricated. 

fi. Sckoi'HULaeiacea!. Stamens less in number than the lobes of the 
corolla (or petals), 4 or 2; (estivation of the corolla imbricated. 

The removal of tlie BudUhiem to Logfmiacere, as proposed by Bentham, 
is favourable to this arrangement, as it removes the 4-androu8 genera with 
regular 4-lobed corollas, which would render the above diagnosis of Scro- 
phuiarioccse fruity. In the list of genera g^ven above, the Solanaceous 
genera of Miers are left open, and those are marked with an asterisk which 
(ire referred to his Atropdeere, together with a number which will be found 
similarly distinguished under Scrophulariacem. 

The 'Solanaeero, as a whole, have, however, closer relations with 
some of the regular monopetalous Orders, particularly with Hydrdphyl- 
laceee and Oonvolvulaceie; they are connected with BoraginacesB by 
Grahowti^, a Brazilian genus, formerly regarded as a Lycmm, which 
has the habit of the latter with the ovary of Boraginacess: it is nearly 
related to Noloaa. According to Lindley, Cestnmi connect^ the Sola- 
naceiB with the Oleacom, through Syringa) but fdthough it haswtftraight 
embryo with foliaceous cotyledons, the radicle is inferior, not supenor, 
and the resemblance appears to exist chiefly in habit. Folemoniacess 
differ in their 3-celled ovary and straight embryo. 

Distribution.—A very large Order, me’members of which are generally 
distributed, hut most amindantly in the trtmes. 

QuaUties and Tises.— ^Tbe genera leferabre to Atropacece, as indica^ 
abov^ are mostly characterized by powerful narcotic poisonous properties. 
The Solonacem ore apparently less powerful in all cases, and certain kinds 
furnish wholesome and some most important articles (» food; but many 
of them possess decided narcotic properties. Some ore distinguished Mj 
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an acrid or i»ungent qndiiy; some have diuretic action; and others are ac¬ 
counted tonics. Amongthepoisononshindstheniostimportantare:—the 
.^opa Belladmna (De«^y Nightshade, which has tiie curious property 
W relaxing the iris, and thus causing dilatation of the pupil); Datum 
Stramonium (the Thom-imple), and other species of Datum, such as 
D. Metd, Tatula, feror, &e .; Hyoseyamug niger (Ilonhano) and other 
species; Nieotiana'Tahaetim, permva, and mdicn (the American, I’ereian, 
and Syrian Tobacco-plants); Maiafragora offi^tialis (the Mandrake). 
Ajeocamiera venenata, a Cape shrub, is said to bo more deadly even than 
any of them. The foliage of some species of Sofatium is said to have 
active properties of the same kind, especially S. nu/rnm (Black Night¬ 
shade), 8. Dulcamara (Bitter-sweet or Wotidy Nightshade), and even 
the leaves and stems of S. tuberomim (the common Potato) and Hn/mlix 
tomm'fera. Solatmm Pneudo-gutna is employed in Brazil as a substitute 
for Cmchona. Some species of Centmm, as laiirifolia and l^itdo-quina, am 
said to have similar properties. Other Centra, ns’C'. ett/mf]ie>i,l<FvigatmH, &c., 
many species of Physalis, Solanum, &c., are accounted diuretic. 

The species of Capneum are remarkable for the pungent quality of 
the fruits, the common Capsicum being the produce of C. awnuum, and 
Cayenne pepper consisting of'the powdered seeds of various species, such 
as C. frutenmns. 

While some of the plants are such active poisons in all parts, others 
are only partially or not at all so. The berries as well as the foliage of 
Atropa, ioT example, and the seeds and capsules ns well as the foliage of 
I[i/o»cj/amus, a.Te very deadly; but the succulent fruits of many species of 
Sdanum are wholesome, as the Egg-Apple or Aubtsigine {S. Meltmgena), 
those of S. laemiatum, eaten in Anstituia under the name of Kangaroo 
Apples, &c., and, it is said (but this wants confirmation) those of tho 
8. nuprum, Dulcamara, and others. Lycaperneum eneulentam, the Tomato, 
is another example. Still more striking sppm nr t he in atanne of the Po¬ 
tato, at first sight; but it must be reinembeTed that the edible tuber is an 
artificial product, and consists chiefly (rf cellular tissue and starch deve¬ 
loped under circumstances that "tjtjgf P the fp rmfttionj?f.thB.jw«pu3 secre¬ 
tion ; and what is present may blnE^paled'fiy nest. It is said that the 
poisonous element m Holanaceous fruits exists’in a pulpy covering of the 
seeds, not in tho pericarp. It is desirable that this point shotild be 
iOKBrtllBed.' — 

(CoRDiACits constitute an Order, chiefly consisting dF*ff8pBffiirpIanSI 
sometimes combined with the Boraginacem, from which they differ in the 
twisted (estivation of the corolla and the plaited cotyledons. From Con- 
▼olvulacem they differ in thmr superior radicle and th*e absence of albumen. 
The Order is remarkable for the plaited cotyledons of the embryo. The 
fruits of Cordia Myra and tatifoUa are called Sebestens or Sebesten plums, 
and, with those of other epec!ieB, .are edible.) 

(Nolakacils are a small group of South-American plants referred by 
some authors to Convolvulacese, by others to Bdraginocess, sometimee 
erected into a distinct Order on account of this valvate calyx, plaited re¬ 
gular coroUa, ^e ovary of 6-20 carpels, either distinct, or when numerous 
ocjmbined inti) several sets, seated on a fleshy di^ witii a single 'style and 
stigma; the qnihiyo curved, in little albumen. The chief distinction from 
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KoTaginaceio lies in the S-moroas ovary and the absence of the scroll-like 
inflorescence; they may he regarded as aberrant forms of that Order, 
8nme species of Nolana are cultivated in rardcus for their showy flowers, 
somewhat resembling blue CmvokuU. Their properties arc unknown. 
Genera; Nolana, L. •, Alona, Lindl.) 


CIV. BORAGINACE.®. The Buoloss Order. 

Clogs. Nneulifetse, JEiuH. AU. Echioles, Lindl. Coh. VerbenaleB, 
Benth. et Nook. 


462. Diofjnosis .—Chiefly roughly hairy herbs (uot aromatic), with 
alternate entire leaves, a scorpioid inflorescence, and symmetrical 
flow'crs with a 6-partcd calyx, an hypogynous, regular (rarely 
slightly irregular) 5-lobed corolla, 5 stamens springing from tbe 
eorolla-tubc; ovary deeply 4-lobod, the lobe.s siurouning the base of 
the single gynobasic stylo, and forming when ripe 4 indehiscent 
1 -seeded achencs in the bottom of the persistent calyx; stigma simple 
or bifid; seeds separable foom the pericar]^>,exolbuminous; radicle 
superior. 

Illustkattve Oeekua. 

Echium, L. Symphytum, L. Lithospermum, L. 

Itorago, Tournef. \ Anchusa, L. | Myosotis, L, 


Affinities. —The 4-lobcd ovary and fruit. <rf this Order agree exactly 
with those of the which the irregular corolla, didynamous 

stamens, opposite l^^^^Kl square atoms diflhr widely. This character 
of the ovBiy does not occur in any other regular 6-androus monopetolous 
Order. depart from the general iype of 


this Order. ijinreriacesSTSHimHlBiPthe same relation to the proper 
Boraginaceie ns the Verbenacero to Labiatos, having conflumit carpels, 
terminal styles, and a shrubby or arborescent habit. T" 
mesents a coronet-of scales in the throat, which some ilmiiTift 


0V. largo Order, the species of which ore mostly natives 
of temperate climates.in the northern nomisphere. 

QnaUfies and Dsos.— The plants of this Order, remarkablte for their 
rough foliage, have a reputation as nlucilamnous and cooling herbs. Their 
chief importance lies in the dye fomished by the roots of AncAtisa Une- 
toria (Alkonot) and various species of Echium, Onosma,&e., and the beauty 
of their flowers, whence the genera above cited inmude many common 
garden plants. The Forget-me-not is a native species of the genus M^yos- 
tais. Many Boraginacem occur wild with us. 

(Ehhetiace.® consist of a group of plants separated ftom Boraginaoeas 
by some authors on account of the coherence of the carpels and the ter- 
rninol style (which is gynobasic (§ 238) in true Boraginacess) and a dru¬ 
paceous fruit. Some genera have albumen, others not. They seem to be 
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as distinct here as Verbenaceie from the Labistie; hut the agreement is 
very close at some points in both cases. _ They are also nearly related to 
the Cordiaceee; but the latter have twisted aestivation and plaited coty¬ 
ledons. Most of them are tropical trees or shrubs. Name are of much 
importance: the drupes of some EhretUe are eaten; the Heliotrope (iZe- 
liotropium peruvianum) is universally known for its delicious odour. 
Qonera: Ehretia, L.; Tournefortia, I^. Br.; Hdiotropium, L,, &c.) 


Order CV. LABIAT./E. 

CfoM.'^uculifcrffi, Eutt. All. Echiales, IdnM. Coh, Verbenales, 
Epnth. et Mock. 

403. Diagjiosis .—Chiefly herbs, with square stems and opposite 
aromutio leaves; flowers with a more or less 2-lipped, hypc^ynous 
corolla, didynamous or diandrous stamens; ovary deeply 4-lobed, 
the lobes surrounding the base of the single gynobasic stylo, and 
forming, when ripe, 4 indehbeent 1 -soedod aehenes in the bbttom 
of the persistent calyx; stigma bifid; seeds erect, with little or no 
albumen, 

CiMructer. • , , 

Calyx inferior, persistent, tubular, S-merous, wiih the odd sepal 
posterior; the limb regularly 5- or 10-toothed, or irregular and 
bilabiate (fig. aOO), 3-J» 10-toothed. 

Corolla hypogynous, monopetalous, bilabia te; the upper li p entire or 
divided, arched or almost suppressed I'TMWWIKipTlIBtlJBljrfiirKet 

. aAd.34obed..(^,aS7X 



Stomenl^iiitingmg from the eordla, 4, didynamous (fig. 398), or some- 
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times 2; anther 2-colIed or apparently 1-celled from the appo¬ 
sition of the cells at the apex, or with the filament or connective 
bifurcate and bearing eitW 2 single colls or 1 perfect cell and a 
stetile procees. 

Ovary deeply 4-lobod, on a fleshy disk, 4-coUed, each cell with 1 erect 
ovule;, style simple, arising &om the bottom of the caqiels; stigma 
forked. 

Fruit composed of 4, or, by abortion, 3, 2, or 1, dry, separable, 1- 
soeded portions, surrounded by tho persistent cdyx; seeds with 
little albumen * cotyledons flat. ‘ 


InnusTaATivK GranniA. 

Lavandula, L. Thymus, L. Marrubium, L. 

Mentha, L, Hyssopus, L. Ballots, L. 

Salvia, X. Ihnnella, X. Phlomis, X. 

Itosmarinus, X. | Laniium, X. Teucrium, X. 

Origanum, X; | Stachys, lienth. Afuga, X. . 


AfflnltieB. —^As regards the structure of its ovary, this Order agrees 
exactly with ^ir^nu^^ fi-om which, however, almost all its other 
characters disOTguisint^Ainong the did 3 Tiamous nns3rmmetrical mono- 
peUlous Orders, no other group approaches this structure but 
which are distinguished by the greatesr degree of coherence onBffi^els 
and the teiminal stj’le, as the HhretiacoKs are firom Boraginaeess; hut 
tlie''separation of these Orders is sometimes diflimilt, ^|l)isrQgarding the. 
ovarv, the character of the corolla and stamens connects L^iatie with 
Scionhul|iijcei^^ especially when they have opposite leaves 



I in I'oiemwu 

bnUon.— A verj' laige Order, the species of which are principally 
natives of temaprate ^mates ) but the more fragrant kinds occur most 
abundantly in me warm temperate and drier redone. 

QnaUties and Uses. —Tho most striking qualities of this Order depen(P 
upon the presence of aromatic or fragiwt essential oUs, which render 
Bome of them veduable stimulants and antispaamodics, others favourite 
flavouring herbs for culinary purposes, othen important ingredients in 

_ tt _ri_ ___a.j j. _•_rm. _ n _i_ 


gascar. 

Of the carminative aromatics, the Mints, Spearmint (Mentha viri^yf 
Peppermint (ilf. Piperita), Penny-roygl (ilf. Faiegium) are among the 
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temperate South ^imerica, and a few scattered in all re^ona. The Avi- 
cennio’ grow, like Mangpves, in tropical salt marshes. 

Qnalitiea and TTsea.— TThose of the Verbenea are much the same as in 
Labiatm: Alvyuia dbriodara, the cultivated “ Lemon-plant,” or “ Ver- 
btma,” is an instance of fragrant properties; many species of Lanimui are 
fragrant or foetid; some are used as substitutes for Tea. Ftfer Agnus- 
castm, V. Negundo, and others have acrid fruits. Tectona grandw is the 
East-Indian Teak-tree, celebrated for its hard heavy wood (African Teak 
is from a Euphorbiaceous tree). The bark of Avicetmia iomemUm, the 
White Mangrove of Brasil, is used for tanning. Clerodendrons are hand¬ 
some stove-shrubs. The brilliant Varbenas of our gardens are mostly 
varieties of J'erbenh chameedrifolia and allied species. 

(SKi.AaiNAcii!jt3 are a small group differing from Verbenaceas prind- 
pally in having 1-celled antliers; in OlobiUaria the carpels are reduced to 
one. ITencc there appears a connexion between them and Salvadoracete, 
which approach Verht'naeefe end JEhretieai among the Bofaginacere in 
other points. Some of the plants are European; most of them belong to 
the Cape. GMndarire have puigative and emetic properties. Genera: 
&‘lriyo, L. j Glolndaria, 1j.) 


^ Okd£» evil. ACANTHACIBiE. " 

•, ' ■ 

Class. PersonatSB, £udl. Att. Bignonialcs, LimU. Coh. Pmsonalcs, 
lienlh. et Hook. 

465. Diagnosis. —Herbs or shrubs with opposite simple leaves; flowers 
irregular, bracteated, with an imbricated hypogynoiis mole or less 2-lipped 
corolla, didynamous or diandrous stamens attached to the tube of the 
coruUa; fruit a 2-celled, 4-12-Beede.d capsule; seeds anatropous, exalbu- 
minous, usually flat, supported by hooked or cup-shaped projections of the 
placentas; racQde inferior. 

Il^tMTBAXrVB GeNEBA. 

Thunbeigia, X. Barlow, X. I AdhatodiL iVees. 

Ruollia, X. Acan&us, X. | J uslim , X. ^ 

Afflnitisai—This Order is closely rdated to Scrophuloowiesa and Bis^ 
nQo4cB<B, differing from the fo|mer in the exalbununous seeds, from the 
latter chiefly, so far as written characters can be riven, in the structure 
of the placenta tad in the seeds not being winged. Generally speaking, 
the large bracts of the inflorescence, and the imbricated ctdyx of imeqm 
sepals, rive a peculiar and characteristic appetfrance to these plants. The 
seras ot Acanthodium, Muellia, and other species have a testa clothed with 
curious compound hrirs containing spiral fibres. 

XHstrllratton.—^A large Order, cmefly tropicaL 

QoaUtlea and Uses. —Mostly without active properties. The most 
striking peculiarity lies in the beauty of the flowers of many kinds, which 
renders tnem great Jhvoiuites in our stoves. Acanthm mollis is inten^ 
ing from its leaves having, it is said, frttnished the model of the Corinthian 
capital. 
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Okder CVTII. BIGNONIACEiE. The Tkpmpet-flower 

Order. 

CToss. Personate, Emil. All. Bignonialos, Lititll. Coh. Personales, 
Jienth. ft Jlook. 

406. liiaffnosia. —Woodv, or rarely hcrbaceons plants, often twining 
or climbing, with exslipufato leaves,’hypogynoiis monupetalous corollas, 
didynamoiis or diaiidrous stann'us; the ovary commonly 2-celled, by the 
meeting of the 2 plac-enlaa or of .projections from theii^ sun'uundcd at the 
base by a disk; many-seeded; the seeds largo, winged, with a flat embryo, 
and no albumen. 

Illustrative Genera. 

Bignonia, Z. f Oatalpa, Sn>p. 

Teoouia, Jim. Eccremocarpus, E. ^ P. 

AfflnitieB. —^The exalbuminons character of the seeds separates this 
Order from Scrophnlariacem. From Acanthacem there is less marked 
distinction: hut the \dng(al and sessile seeds, together with the general 
habit of the inflorescence, mark the difterence. Eraretmicarpus approaches 
closely to Gesneracetc; and. these, with Pedaliacem and ('res^mtiaceic, 
are chiefly separated -by the wjuit of coherence of the placentas in the 
axis (the exceptional ease here in Ecerenittcarpus) and the absence of a 
wing to the seeds. Many Bignuniaccfe are remarkable for the strmrture 
of their woody stems, which have the wood divided into segments by 
broad wetlge-shaped processes of the bark; the segments are 4 in 
young stems, forming a cross in the transverse section; 8, and even 
10 lobes appear in the woody layers of subsequent years. The broad 
paper-like wing of the seeds of Eupimite has a very elegant microscopic 
structure. 

Distribution. — A. considerable family of mostly tropical plants; the 
Trumpd-flowirred climbers form striking features of American forests. 

Qualittea and Uses.—Many of the plants of this Order are used in 
Brazil for various purposes, such as dyes, medicines of varied action, 
timber, &c.; but none are of very great importimce. Their beuutiful 
flowers, often largo and brightly culonred, render them very attractive. 
Teconia rtulteam, Eccntnocarjnu acahtr, &c. are common garden climhers; 
Catalim lynngtffolia is a handsome tree with showy blossoms, hardy in 
this country. 

(PEnALiACE.x are chiefly distinguished from BignoniaceiB by tlieir 
generally wingless seeds, andby their diflerent habit, tkaamnm lass be re¬ 
garded as intermediate between the Orders just named, while Martynia 
establishes a transition to Gesneracem, of which Order Pedaliocefe, or, os 
they are sometimes called, Sesamem, are considered by some to form a 
trilie. They are chiefly tropical; the most important meiuher of the ^np 
is Seaamum nrieHtale, which is an object of cultivation in the East mr its 
seeds, from which oil resembling Olive-oil is obtained. Some of the 
species axe in (^Itivation; among them one or two species of Marigtua 
remarkable for the two long horns to the fruit.) 
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(CBBSCKNTiACKiE are also very near to the Gesneracoai, and chiefly 
separated by the arborescent habit and larfre amwdaloid seeds; the calyx 
also is free, and its limb splits irregularly. From redaliaceai the fruits and 
the amygdidoid seedsdivide them. The indeliiscent fruit and wingless seeds 
separate them from Bignoniace.ns and Aciinthacefc, and this, together with 
the want of albumen, from Scrophulariaceu), Solauoceic, and l^'nlibiilacem. 
This Order is tropiud, most developed in the Mauritius and Madiigtiacar. 
Crescmfia CujHe, the Calabash-tree, has a fruit like u gourd, with a hard 
shell applicable to many useful purposes, holding liquids, forming floats 
fur rafts, &c. The subacid pulp is eaten. Parmentiitra cerifem (Panama) 
has a long slender fruit, and is (Milled, from the .shape of this, the Cuudle- 
tree j it is a favourfte food of cattle.) 


Order CIX. GESNERACE^. 


Class. PcrsonatHi, Etidl. AO. Bignonialcs, Liitdl. Coh. Pcrsonales, 
Itetith, et llouk. 


407. Dinffiwm. —Soft woody shrubs or herbs,, somewhat succulent, 
with oiiposite or whorled wrinkled leaves, without stipules; flowers fr- 
n^gular; corolla perigywms or hypogynuus, munopetalous; stamens dian- 
droiis or didynamous with a ruiiimentary fith; ovary half-superior, with 
a ring of glands or a disk, l-ce11tMl, with two ^-lobed parietal placentas; 
fruit capiiuiar or succulent; seeds numerous, with or without albumen; 
cotyledons much shorter than the radicle. 


Illcstrativk Genera. 


Suborder 1. Gesnebeas. Sh-eds 
with a. little albumen: calyx paiHy 
adherent to the capstdar fruit, 
Gesnera, Mart. 

Achimenes, P. Br. 

Gloxinia, USrit. 


Suborders. OyuTANDBEAS. Seeds 
tpilhoiit albumen: fruit free, capsu¬ 
lar, twisted, or baccate. 
,'Kschyuanthu8, .Taek. 
Streptocarpus, Lindl. 
Cyrtandro, Forst. 


AiBirities, ftOi-— The Oesnoracem have much the aspect of Scrophu- 
lariacete; and the flowers very much resemble those of Bignoniaceffi, but 
their placentas are decidedly parietaland although Eceretnocarpm con¬ 
nects them with Bignoniaceic, its winged seeds and large cotyledons 
still mark the difference from G<!snoracoffi. The parietal placentds resemble 
those of Orobanchace®, which connect the llrder further with Scro- 
phularioce®; but in the Gesnereee, whcie the seeds are albuminous, the 
calyx is more or less adherent to the ovary. They are tropical plants:— 
the Gesnereee American; Uie (^liemdreee more diiiused, but chiefly Eastern. 
ITiey are of no great importance as regards pheir properties: some Gemeree 
have edible fruits; the most iiiterestiug point about them is the beauty of 
the flowers. Most of the genera above cited are found in colltictions of 
stove-plants; in their native habitations they are often epiphytic. 
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Obdek CX. OROBANCHACEiE. Bboom-Rafes. 

Oass. PersonateB, EtvU. Att. Gentianales, Coh. Personales, 

Betith. et Hook, 

468. Hiaf/nogis. —Fleshy herbs destitute of green foliage (root-para- 
Mtes); corolla monopetalous; stamens irregular, hypogynous, didynamous; 
the ovary 1-celled, with 2-4 parietal placeutits; capsule with ve^ nu¬ 
merous seeds, wM(^ are minute, aJbummous, with a very small rudimen¬ 
tary embryo. 

II.I.TTSTBATIVT! GbNTOIA. 

Orobanche, L, | Lathrsea, L. 

AfBnltles, *c.—^This Order is especially remarkable for the parasitic habit, 
the fleshy texture, scale-like leaves, and the absence of chlorophyll, in 
which particulars the plants resemble Mopotropaceas; but these are not 
characters of ordinal value, and we see them running into the nearest 
allies of this group, as Bvchnera and ^riija in Scro^ulariacetB, not to 
mention the partially parasitic condition of Mtlampyree. The Order is 
chiefly separated from Scrophulariocete by its parietal placentas. From 
GentianaceiB it diflers in the carpels being placed back and front, as in 
ScrophulariacesB and the allied Orders, wlmo in Gentianaeem they are 
right and left of the axis. From Gesneraceie there is little except the 
h^it to separate them. These plants are parasitic on the roots of many 
herbs and shrubs of very various Orders; they attach themselves im¬ 
mediately after germination, and become orghnically grafted; some in¬ 
crease by tuberous buds from the base of the annual stems. The Oro- 
banchaceiB are bitter and astringent, and are said to be cschorotic; these 
qualities probably depend on a resinous fluid secreted in the abundant 
epidermal hairs. Tney are comparatively numerous in Europe, North 
America, North Asia, and the Cape; some in India. * 


Obdbb CXI. SCROPHULARIACEiE. 

CTom. Fersonatee, Bndl. Att. Bignoniales, Lindl. Coh. Personales, 
Benth. et Hook. 

469. Diagnosis .—Chiefly herbs; flowers with hypogynous, mono- 
petalouB, irregular coroUas, the lobes of which are imbricate in ms- 
tivation; didynamous, diandrous (or very rarely 5 perfect) stamens 
attached to the tube of the corolla; ovary 2-oclled, cells antero¬ 
posterior ; fruit a 2-ceIled, mostly many-seeded capsule with axile 
placentas; seeds anatropous; embryo small, in copious albumen. 

Character, 

Calyx persistent, more or less deeply 3-5-toothedf more or less 
irregular. 

CoroUa monopetalous, irregular; the tube long or short; the limb 
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more or less deeply 5-lobed, or 4-lobed by the ooherence of the 
2 posterior petals, personate (fig. 400), bilabiate, rotate (fig. 399), 
isometimeB spurred. 

Stamenn 2, 4, and didynamons (fig. 403), or with the 6th (iwsterior) 
perfect, sterile, or represented by a petaloid tooth (fig. 401), at¬ 
tached to the corolla; anthers 2^clM, or l-ceUed by confluence 
or by suppression. 

Ovary 2-celled, with axile placentas bearing usually numerous ovules; 
style and stigma simple, or b^fid at the apex. 

Fruit capsuliiT, rarely baccate, 2-celled, dehiscing by 2 or 4 valves, 
or by pores, or ludohiscont; seeds mostly numeroi^, albuminous. 


Fig. 899. Fig. 401. 



Fig. 399. Corolla and Btenums of TVron/w. 

Fig. 400. Calyx atid corolla of Aniitrkimtm. 

Fig. 401. Corolla, laid open, with dulyimiuoiu stamenB and stamiuodc, otScri^hvlaria. 
Fig. 402. Diagitmii of flower of .Smwkuhrkt, 

Fig. 403. Didjnunioua afcaiucns of iHgiftUit, 


iLT-tTSTBATm? GeNKBA. 


•SalpiglosMs, JR. ^ P. 
*Schizanthu8, Ji. ^ P, 
Calceolaria, Feuill. 
Yerlx^um, L. 
Linana, Iburtief. 
Antirrhinum, h. 


Faull^nmia, Ziirc, 
Scrophularia, Tournef, 
I’entstemon, L'lldru, 
Miiiiulus, L. 
LimoseU^ L, 
Digitalis, Z. 


Veronica, Z. 
Bartsia, Z. 
Euphrasia, Z. 
Khmanthus, Z. 
Pedicularis, Z. 
Melampyrum, Z. 


AfflnltieiL —This large Order exhibits conriderable variety of conditions, 
whence its aifinilies become somewhat complex. It is frequently divided 
into three Suborders, thus:— _ 

1. Salpiglossidea. riSstivtttion of corolla plicate or imbricate, two pos¬ 
terior lobes outride. 

2. Atttirrhineee. Corolla bilabiate, imbricate in mstivation, the pos¬ 
terior one outside the anteiior one. 
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8. mhinmdhetB. ^ISstivatioii imbricate, the two lateral lobes or one of 
them placed outside. 

The near connexion with Solanoceie, shown in the close relationship 
between SalpiglomU and Pet-mua, is nieutioued also under that Onler, 
where a rfeference is made to the proposed transfer of the Stdjnglomdise 
(marked above with on *) to the ()ra(‘r Atropaeem of Miers. Mr. Bentham 
defines the present Order bj' referring' to Solanacen! the genera which have 
at once 5 stamens and a corolla plaited in (estivation; Petunia has a 
plaited corolla and 0 stamens, which, however, ai'e unequal and deeJinate, 
and thus approach to Saljuglom's, where the corolla is vei^' similar, but 
the stamens tmly didynamons. I 'eihtifctwi, having li stamens, is some¬ 
times referred t« Suliuiace(e; but one at leost of the sftimens is comn >nly 
slterile, and its corolla is imbricated. In another dii-ection, Sciophula 
cem approach some of the forms of the veiy heterogeneous LoganiHce(e, 
and Beuthiuu regards it as adrisidde to refer BuiMleia and its allies, gene¬ 
rally counted among Scrophularince(B, to that Oirier, as the only menus 
of setting a definite boimdary between the Orders, these genera having a 
transverse ridge connecting their opposite leaves—an inclication of the 
characteristic lutcrpctiolar stipules of Loganiacere. With Orobanchaccre, 
again, the conne.\ion is close, espt>cially through the root-jmrasitism of 
many genera, all of which approach closely in the general structure of the 
flower to Orohanc/ie: for the carpels are rtJiilly anterior and posttrior in 
that Order as they are here, and the main distinction is, that the margins 
are not folded-in *to fonrr a dissepiment, so that Orobanchacear have pa¬ 
rietal instead of axile placentation; to which is added their nrinutc rudi¬ 
mentary embryo. A general rtisembhmce exists between the present 
Ordi'r and the 'other di^l^amous mouopetalous Orders; but Gesneraceie, 
Pedaliacere, and Crescentiocoic have parrctal placi'utas; Bignouiacete and 
Acanthacerc have exalbuminoiis seeds, and Leutibulacese a free central 
placenta. 

The morphology of the corolla in tlris Ordcj is well deserving of atten¬ 
tion : curious monstrosities not rmfrequcutly occm' in cnltivatiori, in which 
the normid irregularity is obliterated by a repetition of the pouches, 
spurs, or similar developmerrts in each constituent petal, as in Linarta, 
where a 5-spurred corolla oexarrs with a symmetrical lintb (Pelorian va¬ 
riety)—in thrs instance the regularity is due to the increased number of the 
usumly irtegular parts (m other cases the flower becomes perfectly regu¬ 
lar by the complete abduce of pouches and spurs ),—Vedeedaria with a 
somewhat cam^nulate, regular corolla, ftc. Many of the Scrophuloria- 
coto ore parasitre upon the roots of other plants, as, for example, Melam- 
pgrum, Mhinanthm, and their allies, which, however, appear to ho only 
partly n(iurished in this way, having distinct roots; they are remarkable 
for turning black when dried; Sb^a, an exotic genus, is still more dis- 
tihctlyparasitical; andBmhnera /igdralMdemishas scale-liko leaves similar 
to those of Oro&o«fJie. In some of the genera (Idimulue &c.), where the 
style is divided at the apex, it is developed into two flat lamints, which 
exhibit irritaMlity. 

DUtrlbntlon.—A very large group, the species of which are nniversally 
diffiised and veiy abimdant. 

QuaitUes Vses.—More or less acrid, or bitter; mostly unwhole¬ 

some ; sometimes deadly poisons. Pig&alis pwnmrea, our native Fox- - 
j^ove, the officinal plant, is an extremely powerful seclative poison, both 



COROIXmOB^. 


335 


in the foliage and the seeds; the allied apecies D. hdea, ochrdatea, 
Umijata, &c. are equally aclive. The species of Vr.rbagciim have a shore 
of this property, especially in the seeds. The Sc.fui>huiaria’, lAnarire, and 
Veronuxe ore all more or less hitter and acrid, and suspidous; Gratida 
violently purgative and emetic. . 

This Onler is remarkable for the number of beauliful flowering herbs it 
contains. The Suap>drngon, or Dramm's-mouth (Antirrhinum imi/ug), 
the species of Veromra, Minmlm (of which the Mnsk-plaat, M. moHchatns, 
is remai’kable, among plants of this order, for its fragrance), Linarin, I'enU 
xtemon, Caladaria, Maurandya, &c. are in every garden; and of their 
numerous exotic allies a long list will lie found m all horticultural col¬ 
lections. A large nnmher of sliowy-floweivd native weeds belong to this 
Order, such os the Toad-flax (Linnna rtdyarh) and several other species 
of Limria, the Speedwells ( Veronica), the lied Rattle (Pedieularig) and 
the Yellow Rattle (lihinmitfiux) ( so called iroiii the ripe seeds rattling in 
the dried inflated membranous capsules), the Ro-xglove, Mulleins ( Ver- 
haseum), &c. 


Order CXII. LENTIBULACEiE. Butter-worts. 


Clasg. Personatae, PlniB, All. Bigiionales, LinM. Cdt. Personales, 
Benih. el Hook. 

470. Diagnmig .—Small herbs growing in water or wet places; flowers 
wllli irt-Hff^PSHyx and a non-hypogyuoilMHp|ied personate corolla ; 
stamens 2, with (conflueB*)- l si W!Uett anthers ; ovary 1 ^l e d , with adbee 
centiul placenta bunring several anatropous seeds, with a tMck straight 
embyo and no “fiyTua 

IixusTUATivu Genera. 

Utricularia, L. \ Pinguicula, fmmef. 

Affinities. —^ThisOrder is interesting, both from the habits and appewance 
of the plants, and from its aflinities :—on the one hand with the in'egular, 


didynomous monopetulous Orders, 
through Sci'opbuiariaccee, with 
which it agrees m the calyx, corolla, 
and stamens; and on the other 
hand with the regular Monopetalm, 
throughBPiiii>ulacasa,>RBdUBhich it 
ia 

%nta. The structure of the leaves 
M the Vlriedmim, ei^iecially that 
3f their pouches or a^floats (fig. 
t05), is very curious. The plants are 
found in all parts of the globe; the 
”■■ ■ ’ ■ '■ one curious 


Tig. 404. 


Fig. 406. 



Fig. 404. Flower of VMculd^ia, 

Fig. 406. Air<-iB 0 of tiie leaf of UMevlaria, 


UtricularuB'aie aquatic,'one curious BEaz)]^BA..Ai^e8 (U. nehtntbi- 
^oUa )jraiwing in the water retaLneiuutbsMfails pfS® ph eath^g leaves 
)f a TiUandgia. Fmguiettltg are bog-plants; and P'vu&artg la said to 
nave the property of coagulat^jU^ 
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SiTBci^ss 4. INCOMPLETE. 

471- Dicotyledonous plants with a green or coloured calyx and 
no petals, or with a calyx-liko perianth of more than ono whorl, or 
with the floral envelopes reduced to one or more bract-like pieces, 
or altogether absent. Flowers often unisexuaL 

The above characters are more or less artificial, and bind together a 
rather heterogeneous series of oidera Many of them are merely degrtuled 
forms of Thahmiifloral or Calj^ifloral types. Tho groiin is sometimes 
divided into two subdivisions, called Mouochlamydete ana Achlamydeie, 
according as there is or is not a true calyx or perianth surrounding the 
stamens and pistil. Many of the plants in this group have unisexual 
flowers grouped in cones or catkins. 


Obdek CXIII. P0LY(30NACEE. The Sokrel Order. 


Class. Oleraceffi, Endl. All. Rilenales, Lindl. Coh. Chenopodiales, 
Benffi. et Hook. 

472. D/az/iios/s.—^r^with alternate leaves,: 
tinuksin thfform of sheaths (ocreie) al! 


0 flowers mostly perfect, with a more or Ibss 

ynous: 



this separates it Rom its near allies, the UhenopocuaceiB and 
^o^mtaceic, from which also the perianth and the ocrese remove iij 
also from the Nyctuginaceai, to whio^ the involucrate flowers and-abortive 
stipules of Kriogmioa approach, '^here is a further relation to Car}'o- 
phyllacem through the Paronychia^^. ' 

Oiatribntiim.—tile members of which are universally 
di^sed, erocga^^^^^Q^tggigNUtejjjJjggt^ 

QualUlenmc^aes.—The loliBgeoi these plants is frequently cha-^ 
racterized by thejyjgiggg^j^jl^ag^jji^ depending on the presence of 
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oxalic and malic acids, oi by an acrid, pungent juice; some are strongly 
astringent, while the roofs are generally more or less powerfully piirgatiTe; 
the starchy albumen of the seeds is sufficiently abundant in some speuies to 
furnish a valuable substitute for com. Among the useful acidulous Muds 
are the garden Khubarb, Meum unduf^m, Jt palmat,um,£ui.-, the Sorrels 
(Itmvex tcutatm, R. Acetom, and £. Acttosella) ai-e iamiliar plants. Mheum 
Riles is used for fiavouriug sherbet in the East; and some other exotic 
plants have like properties. Ihli/gomm Uydruniper, a common native 
weed, is very acrid, even vesicant when fmsh. P. Risturta was formerly 
in use as on astringent; and Coceoloba uvifera, the Sua-side Grape of the 
West ladies, furuisheS a very astringent extract.' Xb£i^i^ll^ljiikii[j|lSSit 
cine cunsists of the foots o f Rheum palvuatum^ tmdulatum, rhapmalcmn, 
Rmodi, ireMmmcm, and otner species; the rodts of Rmvmx alpimta wore 
formerly used us a purgative under the name of .Monk’s Ithubarb. Fago- 
pgnm mcidentmn, common Buck-wheat, F, tataricum, and other species 
are* largidy cultivated for food in the northern parts of iVsia and of Eastern 
Europe. The common Bocks are species of limiutx. 


Okdee CXIV. NYCTAGINACE^. The Makvbl-of- 
Peru Order. 

Class. Oieraceae, Endl, AU. Chenopodales, LituU, Coh. Nyctaginales, 
Reuth. et-Uouk. 

473. Diagnosis.— shrubs^ or trees, ribstljfwith opposite and en¬ 
tire leaves; stems tumid at the jointe; floweis surrotmded by an invo- 
1001 * 0 , with a delicate, tubular or funnel-shaped putoluid peiiauth; upper 
part deciduous, lower part persistent, constricted above the 1 -celled, 1 - 
seeded ovary, and induratiHl to form the pericarp (diclesiiun); stamens 1 
,04 “veial, slender, hypogynous; the embryo coiled round the outside of 
the'mealy albumen, with broad fuliaceous cotyledons and an inferior 
radicle. . 

Il.LTJSTKATn'E GeNKEA. 

Boerhaavia, L. | Mimbilis, L. j Pisoi^ Hum. 

AfBniaes. —^The nearest relatives of these plants are probably the Poly- 
gonacete, especially the tribe of Ei-iot/one(B ; but the.-merior ra^cle and 
the peculiar fruit enclosed in the indurated base of the perianth ai*e evi- 
. dent distinctloDa The stems of these plants, especially of the'PMomVe, 
have a curious arrangement of their llbro-vascidiur bundles. 

Dtstrllmtloa.—Natives of warm cliuntlB;^dlteig*in the S. hemisphere. 

Qualities and Uses.— The roottoof the Nyctaginacee^are generally pur¬ 
gative p'and Mirabifis Jalapa ifaa formerly supposed to be &e source of 
medicinal Jalap. MirahUis didmtoma, the Marvel of Peru of our gardens 
is remarkable tor meniug its flowers in the afternoon, whence it is termed 
the Four-o’clock Plant; both this and anolher cultivated 

species, ore violent purgatives. 
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OsDEB AMAEANTACE^. Amakanths. 

CUua. Oleraceee, EniL Att. Chenopodales, lAitdl. Coh, Chenopodialos, 
Bmlh. el Hook. 

474. with opposite or alternate exstipulato 

leaves, and spiked orl^pitato, oracteated inflorescence; the flowers mostly 
wi& an imbricated perianth of dry and (Various persistent bracts, often 
coloured, 8-6 in number; occasionally unisexual; ttamens 6-merous, by- 
^ofmions; antbersiraihetimes 1-celled; the one-ceyed ovary usually 1- 
ovuled, in one tribe (Oelosiese) mnny-ovuled*; style 1 or 0; stigma sim¬ 
ple or compound f^/ruit a utricle, a caryopsis, or a berry ; seed pendulous, 
with the embryo cmr\'ed round the circumference of fanuaceous albumen; 
the radicle near the hilum. 

iLLPSTBATryn Gkneba. 

Celosia, L, I Achyranthes, L. 

Amarantus, L. \ Gompbrena, L. 

Affinities.—No absolute character can be given to siiparate this Order 
from the Chenopodiacetc; but the habit, especially the crowded bracteated 
inflorescence and the membranous perianth, renders them V(!ry diflereul 
in appearance. Their mui'o distant relations are the same as those of that 
Order. 

Distrltmtlon. —A large Order, the species of which are most abundant 
within the tropics, in dry, barren situations. 

Qualities and Uses.— ^euerallv with somewhat tnucilaginous juice, 
seldom with active properties, l^he species otAmarmitus, such os A. vau- 
dalus. Love-lies-bleeding, and A. hypochondrioeue, Piince’s-Feathers, are 
well known in gardens mr their bright-coloured and persistent blossoms— 
as are also the more tender Globe Amarantus {Uomiihrend) and the 
Cock's-comb (Celoiia cridata), the latter remarkable for its fasciated 
flowering-stem. 


Order CXVI. CHENOPODIACE JS. The Spinach Order. 

Class. Oleraceae, Endl. Att. Chenopodales, Zuidl. Coh. Chenopodiales, 

, Benth. el Hook. 

475. Diagnosis .—of weedy aspect, more or less 
snoculont; leaves mosu^ltomato; B^gtijraJgs, nor soarious bracts; 
flowers perfect, polygamous or diclinous, minute, greenish, with the 
free perianth imbricated in the bud; the stamens as many as the 
perianth-lobes, or rarely fewer, and inserted opposite to them or on 
their bases; the 1-oellcd ovary becoming a 1-seeded thin utricle or 
on acheenium; embrvp coilw l iT^tjf^ta i|}^y (around the albumen when 
jlKQBent) 
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Illustbativb Gsneba. 

Salicornia, Toumef. I Blitum, L. | Chenopodium, Z. 

A triplex, Z. I Beta, Toumef. Salsok, Z. 

Affinitieii—Closely related to Amarantaceae, but difforiug in habit and 
in the sum of the characters. From the Phytoiaccacem they difler in 
the simple ovary and the stamens equal in number and opposite to the 
segments of the perianth; from SdermAhcee they are separated by the 
simple ovary, the usually alternate leaves, and the distinctly hypogyuous 
condition oi the stamens; from the Taronychtea particularly by the ab¬ 
sence of stipules; through the Paronychiaceai they are nearly related to 
Caryophyllacew. * 

Mstrieutlon.—j^^krggOj^g^ generally difliised in. waste places or in 
salt-marshes; mosi abundant pnWeJlm tmnics. 

Qaallties and TTses. —Generally blond oBa innocuous, the foliage ollen 
rendering them valuable as pot-herbs, and theii’ roots furnishing food for 
cattle; sometimes with anthelmintic and ontispasmodic properties. The 
maritime kinds were lormerly of great value Irom the quantity of soda 
obtained from their ashea Bpinach (^inucia oteracea), Orach (Atriplex 
hurteuKie), and English IMercurv {Chcttopodium Jionus Jlenricua) belong to 
this Order; also the Beet and Mangold wurzel {Ifeta mtlgarie and Cyaa), 
From the juice of the B«!et, sugar is extracted in considerable quantities. 
Clieiiopodium ant/uilmiutiann yields an essential oil, used as an anthelmiutic 
under the name of Worm-seed Oil; C. amhroemdea and Batrys also have 
an aromatic, ontispasmodic essential oil; Chawpoilium Q«i»oa ibrms tubers 
like potatoes, which are eaten in Peiii. IHalsoia Hoda, kaUcornia herbacea, 
and other species (Glass-wort), with species of Atriplex, Schoieria, &c., 
abound in salt-mai'shcs, and were lormerly much used in the preparation 
of barilla. Several species of Vhmopodwm and Atriplex abound m waste 
places, forming, with various kinds of Bock (iftonez),i*o/y^o»<»»i, and LV- 
tka (Nettle), the most conspicuous weeds of neglected cultivated ground. 

(Baset.i.A(!Ea: are a small Order of plants closely related to Chenopo- 
diaeem, chiefly distinguished by the presence of a double, coloured perianth 
and perigj-nous stamens; fhey are tropical climbing herbs or shrubs. 
Some species of BaeeUa are used os Spinach; Ulluous tubei-om) has a 
tuberous root, used in Peru like the Potato.) * 

(PuyTOEACCACEXi proper are nearly connected with Polygonacese and 
ChenopodiaceBi, diflenng from both in the presence of a number of car¬ 
pels, from the former abw in the absence of stipule% ikim the latter in 
the stamens exceeding tlio lobes of the perianth. Phytolaceetejiasa into 
Petiverieee by the occurrence of 6 sepaiate caiqiels in Gkaekia, whue Bivina 
has little albumen; the Petiveriete would then connect this Order with 
the SapindacesB mid their allies, while the Columbia of the Gyrostetnoneee 
would mark a distant affinity with the Malvacess, 

Dtetrlimtion.— A small Oraer, scattered in all parts of the world. 

QuoUttes and iTaes.—More or less acrid, purgative, or emetic.) 

(PETiYEBUtK, separated by some authors, have stipulate leaves, single 
ovary, exalbuminous seeds, and a straight embryo with convolute coty¬ 
ledons ; aud-OvBOBTEMOjNBS have Unisexual flowers, the carpels arrange 
round a columella, twin suEpended ovules, albuminous see<^ with a hooked 
embryo having linear cotyledons, and an inferior radiel£^ 

a2 
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Obdbe CXVII. LAUEAGEiE. The Bay Okder. 


Class. Thymolera, Endl. All. Daphnales, Liudl. 

Benth. et Hook. 

478. Biaqnosis. —Aromatic trees or shrubs, with 
alternate simple leaves, sometimes marked with 
pellucid dots, and flowers with a regular perianth 
of 4-6 coloured sepals, which arc barely united, 
at the base, imbricated in 2 circles in the bud, 
free from the 1-celled ovary containing l-wr 2 
pendulous o\niles, and nlBBOyTteWcr than"tte' 
stamens; anthers opening by 2 or 4 lid-like 
valves (fig. 406); fruit a berry or a drupe; seed 
without albumen; radicle superior. 

iLLUSmATIVK GeNEBA. 


Coh, Laurales, 
Fig. 406. 



Stamen of Zaurtu. 


Chmamomum, Bunn. Sassafras, Bees. Laurus, Tottruef. 

Comphora, Xees. Tetrantbera, Jacq. Cassytho, X. 

Nectaudra, liottl. 


AfBnlties. —The peculiar opercnlate dehisconeo of the anthers distin¬ 
guishes this Order from most of the allied Monochlomydeous groups; from 
AthemspermaccsB, which share tliis character, Lauraceie ore mstinguished 
by their solitary carpel and pendulous ovides. The Liiuracea) have iSso affi¬ 
nities with Myristicaceee in the qualities of their products; hut tlie struc¬ 
ture diflers widely. Cassiftha is a rtimarkable form, having a twining 
parasitic leafless stem like Ciwcirffl, hearing true Laurac<K)us flowed. The 
fruit of some genera is curious, as that of Veluuuia, which is borne upon 
a thickened peduncle, somewhat like that of Anarcardium. 

Distilbatiou. —A large Order, principally found in cool situations in the 
tropica; one (Iao^us nobitis) is a native of Europe, and a few oi North 
America. 

Qnauties and TTsea. —The most marked properties of these plants depend 
on the presence of aromatic oils and Camphor; but the bark of some hat 
valuable tonic and febrifuge qualities, the timber of many kinds is valu¬ 
able, and the Order affords a number of edible friiits. 

True Cinnamon is the bark of Cinnamomum seyUmicum ; Cassia-bark is 
derived from V. Cassia and other species; many other trees of the Order are 
noted for the possession of an aromatic bark of similorcharactor, and furnish 
&l8e Cinnamons in South America and other countries. Camphor is pro¬ 
duced in the wood, bi-anches, and leaves of Camphora officinanmi, and is 
obtained by dry dimllation; some species of (Hnnamomum contain a con¬ 
siderable ^ontity of tliis substance. The aromatic fruits of some of the 
Lauracee tumish false Nutmegs, the Clove-nutmem of Madagascar being 
the seeds of Agalhophylktm arcmaHettm, the Brazilian Nutmegs those oi 
Onmtooarya 'moschata, &c. 

Tne bark of NeaUmdra Budim, the Hbiri of Guiana, is said to be s 
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valuable febrifuge; the bark of the root of Stusafras officinale is highly 
esteemed in North America for its diaphoretic powers; Bensom o&n- 
ferwm has similar properties, and the oil of its aromatic berries is stimu¬ 
lant. The fruit of Pertea gratissima is the highly praised West-lndiad 
Avocado Pear; it contains much fixed oil. 

The timber of Neetandru Modiai is the Green-heart wood of Guiana, 
remarkable for its hardness and solidity; Persm Mica furnishes a kind of 
coarse mahogany in the Canaries. Camphor-wood is sometimes used by 
cabinet-makers on account of its odour. Latmts wthilis, the Eay-tree or 
classic Laurel, is a native of the South of Europe, and is hardy in the 
south of England .; i^p aromatic leaves are used tor flavouring confectionary 
(these must not be confounded with those of the Cher^-laurel, which 
contain much hydrocyanic acid); a concrete green oil, called Oil of Bays, 
is obtauicd from it. 

(The ATKEBOSPKnMACE.* are trees like Monimiaceso, but with the 
flowers sometimes perfect, the anthers opening by lid-like valves, and the 
albuminous seeds erect; the nuts are enedosed in the tube of the ^rianth, 
and th^ersistent styles grow out into feathery awns, whence the plants are 
colled Hnnie-nutmegs. They are chiefly distinguished from Monimiacetn 
by their outliers, which i-csemble those of Lauracese, fi-om which they are 
distinguished ly the npocartious ovaries, the diclinous flowers, and erect 
albuminous seeds, and are allied to Myrislicaccai by the didinons flowers 
and aromatic albuminous seeds. The valvate anthers here, as obsen'ed 
bv Ur. Hooker, indicate affinity to Berberace® rather than to Laurace®. 
TVo of the genera, Lauretta and Atheroeperwa, are natives of Austmlia; 
Dori/pliora is Chilian; they have fragrant properties, and a decoction of 
the bark of A. mosc/iata is sometimes used as a substitute for Tea.) 


Order CXVTTI. MYRISTICACE^. 

The Nutmeg Order. 

Oass. Polycarpicffl, Endl. AH. Menisp^males, JLindl. Coh. Lauiales P, 
Benth. et Book. 

477. Eiagnom. —^Tropical trees with alternate, entire, leathery, exsti- 
pulatc dottm leaves; flowers diclinous, apetalous, clustered or racemose; 
perianth 3- or rarely 4-fid, leathery, valvate; stamens of the barren flower 
^tinct or monodelphous; anthers ^12, perfect, extrorse; periapth of the 
fertile flower deciduous; carpels solitaay or numerous, rarely 2, and dis¬ 
tinct ; ovules 1 in each cell; nuit succulent, containing a seed surrounded 
by a lobed arillus, and having a small embryo in copious oily-fleshy 
ruminated albumen. 

IliDBTRATrVE GbNERA. 

Myristica, L. | Hyalostemma, WaU, \ Virola, AM. 

JUBnitlsSi—The nearest relations of this Order are wilb the imocarpous 
Thalamiflorous Orders, more particularly Anonace®, with which they 
agree in the dotted leavea^ valvate aestivaQon, extrone anthers, apocarpous 
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ovaries and ruminated albumen; but the flowers are usually perfect in 
that Order. The structure of the seeds connects MonimiaceiB and Athero- 
spermacefB with this Order; but they have opposite leaves, besides other 
peculiarities. In many points they resemble Magnoliacese, but difler in 
the valvate calyx, absence of corolla, monadelphons stamens, solitary caiv 
pel and ovule. [The resemblance to Sterculiacem seems to have been 
ovcrloohed; nevertheless there are many points of contact between the 
present fiimily and the tribe i^terculiem, in tue apctalous unisexual flowers, 
the valvate (imyx, the monadelphous stamens, the orillate seeds.— Ed.]. 
In their active qualities and haoit they somewhat resemble Lauraceffl. 

IMstrilration. —Tropical India and America; most numerous in the 
former. 

Qnoiitieg and TTses.—Aromatic and acrid. Thor common Nutmepr is 
the seed of Myridiea moneliata (Moluccas), Mace buin;; the laciniated 
arillus surroundinpr this. Coarse, inferior Nutmegs are obtained from 
M. Otoba in Brazil, M. njntna in the Indian islands, and others of the 
numerous American and East-Indian species. The bark and the rind of 
the fruit are acrid. 

(Lacistkmace^s are a small group of shrubs belonging to the woods 
of tropi(Md America, with apetalous, polygamous or diclinous flowers, and 
a 1-celled ovary with parietal placentas. * Their position is doubtful; they 
have an amentaceous inflortwence, a perianth like that of Urticaceae, fila¬ 
ments like those of Chloranthacere, and an ovary like that of Saniydocesa 
or Bixocefo, with ariUate seeds as in the latter Order.) 

(GAnuYACKJE .—X small Order of shrubs of North-west America, and 
having amentaceous inflorescence, unisexual flowers, a 2-4-pnrted peri¬ 
anth, definite stamens, and a 1-tl-celled inferior ovary with 2jpendiuous 
ovules; seeds with a minute embryo in abundant albumen. They difler 
from Ilamamelidacem in their apetalous flowers, definite stamens, and 
baccate fruit.) 

(IIelwinoiack;® is an Order founded on a Japanese shrub which hears 
the fascicles of flowers adherent to the midribs of the leaves (?); it diflers 
from GarryaoesB in having the inferior ovary 3-4-cellod, with an ovule in 
each CAill. Tliese plants are usually placed among diclinous Monochlamyds, 
but they appear to have relations with Santalaceee, Ilamanielidacea:, and- 
Comacew. They have no important properties.) 


OedeeCXIX. LORANTHACE.^. The Mistletoe Oedse. 

Clois. Bisconthffl, EnM. All. Asarales, ImUL Coh. Santalales, 
Benth. et Hook. 

478. Diagnom .—Shrubby plant8»with leathery greenish foliage, 
parasitie (naturally ^fted) on trees; leaves opposite, cxstipnlate; 
flowers perfeet or £clinous; perianth adherent, with 4-8 lobes; 
stamens 4-8, opposite to the segments of the perianth; ovary inferior, 
l-collcd, with 3 ovules ptndulous from a cent^ pl^nta, or 
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1, erect, arising from the base of the cell; fruit succulent; seed 1; 
embryo in. fleshy albumen; radicle remote from the hilum. 

iLLtrSTBATIVB GeNISBA. 

Viscum, Tmirnff. j Lorauthus, h. | Myzodondron, Hot. 

Affinities. _Th('sp remarkable ])Innts are distinguished by their peculiar 
parasitic habit. The> are nearly allied to Rautalaeefe, presenting, hke that 
()rder, a naked nucleus as the representative of the ovule, and oro further 
ch.iracterized b; th&strange exliusiou of the apex of the embryo-sac before 
or after fertili/ation. Ih'sjdes the curious stiiicture of the flowers, they 
hut e an anomalous organization of the wood, which has no medullary 
shnith of spiral vesv'K but contains scalariform tiila's. Thi* germination of 
the seeds exhibits some interesting phenomena : in Vimnn the seeds adhere 
to the j oiing shoots of tn>es bj means of the x iscid pulp of the fruit; in 
MiiztHlrndron then* art- long ft-athered processes, vtmich coil round the 
branches on xvhit h thej settle; in either case the seeds are retained in 
contact with the surface of the shoot upon which they rest, where they 
g(«rminnte and push their ratlicle through the bark, down to the cambium- 
layer, with n Inch Iht-v contract an organic atlhesion and bi-come grafted, 
just as a bud dtu-s in the ordinary gartleiiing operation of budding 
Itoses, ke, 

Distribntlon, —A largeCh-der, ofwh - ch stuue are European, as Vimtm album 
and iMrauthm f of Asia 

and America; Myzoilnulron belongs to the teiiiperatc parts oi the 8oat]K||^ 
liemisphere. 

Q rinUjtf att prOP(*rti&9 y 

but the most important product perhaps is the viscid pulp of the fruit 
of Vi'^mn album, whidi is used for making bird-lime. The curiosity 
attaching to the parasitic habit is the most striking feature in this Order, 
most of the plants growing like our common Mistletoe, Viieitm album; 
this appears capable of grafting itself on a wide variety of trees, being 
most common on the Apple-tree with us, but occurring on Thoms, Wil¬ 
lows, Limes, Oaks, Kims, and even on Fir-trees. 


Obdek CXX. SANTALACE J3. The Sandal-wood Obdbk. 

Cfam. Thymeless, IlndL AH. Asarales, lAmM. (M. Sont^es, 
Benth. et Hook. 

479. Biagtiotis. —^Ilerhs, shrubs, or-tree s wi th e nli iffleaves; the 4-6- 
cleft perianth valvate in the bud, its tube coherent with the ovary. Sta¬ 
mens opposite to the lobes of the perianth; ovary 1-celled mth ^ 
ovules suspended from the apex (tfaireo stalk-like central placenta arismg 
from the base of the cull; tbo^ndehiscent fruit 1-seeaed; seed with 
abundant albumen filling the pericarp; embryo straight; radicle superior. 

iLLtTBTBATlVE GeNEBA. 

TEotuSi, £.'* ^1 SantB lBiBt ■£- 
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AfflnitiM.—^The definite pendulous ovules, consistinii'of n nakod nucleus 
attached to a free central placente and protruding toe embryo-sac before 
or after fertilization, are very remarkable and 8 trikinf 5 characters in tliis 
Order; toe entire seed is formed in too embryo-sac, outside toe nucleus. 
The nearest relations are probabl^V with the Loranthacem, which, however, 
differ in haWt, Iteingr stem-parasites, and bavin" less complete and some¬ 
times imperfect flowers, ^u-mum is partially parasitic on too roots of 
other plants. There is a more remote relation to Olacacero and allied 
Orders. 

Distribution.—A smallOrder; the European and North-American species 
are inconspicuous herbs; in India and Australia theyt.we shrubs or small 
trees. 

Qualities and Uses. —Sandal-wood, the wood of Santalum album, is 
perhaps the best-known prodmition of this Order. The seeds of the 
Quandanir Nut {Fiimnuu acuminafiui) are eaten like almonds in Australia. 
Some species ai-e astringent. 


Obdeb CXXI. THYMELACEiE. The Lacb-b.4Bk Obdeb. 


Cifass. Thymelew, EiuB. A/I. OaphnaleSjZintB. CoA. Laurales, 
Jimith, et Hoot!: 

480. fnot aromatic) 

, entire leaves,IHn^SoW^ere^TE^^egulMMa simple,usually 
untd perianth, bearing ordinarily twice as many stamens os its lobes, 
free from toe j 


or spanng; radicle superior, 


Illusteativts Genbba. 


Daphne, L. 

Pimelea, Banks ^ Sol. 


Lagetta, Juss. 
Hernandia, Hum. 




dignities. —^Among toe Monoehlamydeons Chders this may be distin- 
ished from Santaloceae by its free ovary; from Elseagnaceas b/ its per¬ 
fect or polygamous flowers'and pendulous seed; from Lauracete by the 
longitudinal dehiscence of the anthers; from Proteacem by its pendulous 
seeds and imbricated perianth. The flowers are mostly perfect, but poly¬ 
gamous in j;he tribe Xlematidiifr. The liber is developed in numerous 
separable myertf-m the bark of these plants. 

Distribution.—^A rather lanre Order, most abundant at the Cane of Good 
Hope and in Ausfralia, bu'j; l^uud s^gly in all other parts of the world. 

Qualities and Uses.-^The bark is usually acrid, and that of Mezenmn 
^Daphne Mes^ewt^ mi other plants is used as a local irritant; taken 
internally it is an iiritant poison. Daphne Laureola, toe Spurge Laurel, 
another native spedes, has similar qutdifies—ns also D. Onidium and 2>. 
nonttcoy favourite gwden shrubs, and other species. The liber of Lagetta 
intearia (West Indies) is separable into lace-like laminte, whence it is 
c^ed the_I^e-bark tree,and 
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Daphne are poisonous; but the seeds of Inncarpus edidit are eaten roasted 
lilte chestnuts. Daphne, Dimelea, and some other genera include many 
handsome cultivated plants, the perianth being petaloid. 

(AQni,AniACE.fl5 are a small group of plants, of tropical Asia, nearly 

1- elated to Thymelacese, but having a 2-cellcd ovary, and sometimes a 

2- valved dehiscent capsule; one ovule is sometimes abortive; and the 
fruit in some cases is an indehiscont succulent berrv. The heart-wood of 
Aquilaria ovata and A, Ar/allochmn are known as llSagle-wood or Aloes- 
wood, and contains a resinous matter of stimulant quality. Genera: Agm- 
laria, Lam.; Gyrhti^u, G«rtn.) 


Order CXXII. EL.ffiAGNACEiE. 

CUm, Thymeleaj, AH. Amentales, Lindl. Coh. Laundes, 

^ Betdh. et Hook. 

481. Diagnosis .—Shmbs or small trees with silvery-scurfy leaves and 
mostl}' dicPciiHis flowei's; perianth free from the ovary, its tube becoming 
pulpy and berry-like in the fruit: stamens as numerous as the lobes of 
the perianth and altenintc with them or twice as many; ovary 1-celled, 
1-secded, seed ascending; embryo straight, with thin mbumen and an 
inferior imicle. .. ‘ . 

Illustdative Genera. 
nippophaii, L. | Elmagnus, L. 

Afflnitles, Ac.—This is a small Order, generally diffused in the northern 
hemisphere, separated from the Thymelacete by the ordinarily dimcious 
structure and the ascending ovule; JHa-amvs, which has perfect or poly¬ 
gamous flowers, forms the link. hVom I’roteaceoe they are separated by 
the valvate cal;^ and the indehiscent fruit The scurfy scales upon the 
leaves are elegant microscopic objects. The berries of Hippophai rhm- 
noidee, Sea Huckthorn^ common on our son-coa;s^ are sometimes used in 
fkh-sances, but arc said to have narcotic properties. Those of Maagnm 
orimtalw are eaten in Persia, and those of other species in India. The 
flowers of some species are veiy fragrant 


Order CXXIII. PEOTEACE.aL 

Class. Thymeleee, EmB, AH. Daphnales, Listdl. Coh. Laurales, 
Btfdh. et Hook. 

■ 482. Diagnosis .—Shrubs or small troos usually with umbellate 
branches; leaves hard, diy, opposite or alternate, exstipulate; 
flowers apetalous; perianth 4-cleft, valvate; stamens 4, opposite to 
the segment^'somelames partially‘banren; anthers opening longi¬ 
tudinally; ovaiy single, simple, firee, with 1 ovule, or 2 or more 
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ovules in 2 rows, ascending; seeds without albumen; embryo 
sti-aight; radido inferior. 

iLLUSTnATIV® GeXKBA. 

rrotea, L. Hakea, Schrad. 

Gievillea, JR. Br. Banksia, L.JU, 

AfflnltiMi—^I'he remarkable habit of these plants is a atriking cha- 
ra<S{rcTan'a;T)e8SK!8 flie ^ 

with the stamens opposite the lobt's, and the radicle pointing to the base 
of the ovary, to distinguish this Order from the Thynielaceae and neni'cst 
Monochlaniydeous Oixiers. The structure of tlie stomata of the coriaceous 
leaves is very curious, and presents many modiiicatious. 

DistriUntloii .—A large Orde^ the species of which are found chiefly at 
the Cape and in Australia. * 

Qualities and Uses. —^The wood is perhaps the most valuable product 
of th^e plants, being largely used for firewood where they abound; sAe- 
times it 4 used for joinery when hard wood is required. The striking 
character of their eveigreen foliage, and the brilliant colours of the heads 
of flowers, render them very great £ivoarites in cultivation, and the 
genera above (ited will be found in most large collections of greenhouse 
shrubs. Maeadamia tennfoUa furnishes m edible fruit. 

(PKXiKACE.® are a small Ordfer of Cape evergreen shraDs, related to 
Proteaeeai, but having a 4-celled onuy, 4 stigmas, and a 4-celled de¬ 
hiscent or indehiscent capsule. The drug called Sarcocol has been 
supposed to be derived from some of these plants; but this is doubtfuL 
Genera; Peiueii, L.; Sarcoctdla, Kth.; Geimoioma, 'Lindl.) 

(EiU’KTn ACK.® are low shrubby evergreens, with the foliage end aspect 
of Heaths; the flowers are small, diclinous; the perianth consists of 4-0 
persistent hypogviious scales, the innermost sometimes petnloid; stamens 
2-.!!, alternate vrith the inner scales; - ovary free, on a disk, 2-9-celled; 
ovules solitary; fruit fles^, with 2-9 nuts; seeds 1 in each nut, ascend¬ 
ing, albuminous; radicle mferior. These plants have the appearance of 
Encaceie, the fruit even-being like that of Vaneinieee, while the stigmas 
and the general structure of the flowers are Euphorhiaceous; hut from 
the Enphorbiacea) they differ in the ascending seed and inferior radicle. 
They are mos^ natives of Northern Europe and North America. Tlie 
leaves and fruit are slightly acid and agreeable; the berries of Einpetrum 
mgrum, the Crow-herry, are eaten; the Greenlanders prepare a fermented 
liquor from them. The Portuguese use the berries of a Comma. Genus 


{JdaSxi maritima, a i 


Lindley^as very (flose to Empetrocee. Others place it near to Tamaris- 
dnee. Jtissometimeanseam West-IndiapitMes). 


UrCOKFLBTiE. 
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OjiAisECXXIV. EUPHORBIACE^. The SpraoiWfBIB? 

Class. Tricocco!, EntU. AH. Enphorbialea, Imdl. Coh. Eupborbiales, 
Benth, et Hook. 


483. Diagnosis .— 



carpels; umCed rouna a central 
column, separating when ripe (carpel rarely solitary). 


Character: 


Flowers dielinou#axillary or terminaipsometimes enclosed in a cup¬ 
shaped involucre. 

0§ly.v inferior, with internal glandular or scaly appondag^ some¬ 
times wanting. 

Corolla, of petals or scales as many !is the sepals^ or wanting. 

Stamms definite or iudefinitsp distinct or monaddphous; anthers 
2-cellcd, sometimes opening by pores. 

Ovamj freSpsessilc || stalke#!-, 2-, 3-, or many-ceUed; styles as many 
as the cells, distinct or combined^or wanting; stigmas combin(d 
or separate and bifid; 0t'4MMiMBii|HHapHiriiiiM>MM4faaMHK)r 
angle of each cell. « 

Fruit dry, th o_fiaEBgls splitting and separating elastically from the 
axi#or suMI Suspended, 1 or 2 in 

each cell, oiten with an arillus; eml^o in fleshy albumen; radide 
superior. 

Ir-WTSTKATivis Gbnbba. 


IIuTa, Z. 
Ilippomone, L. 
Coelebogvne, J. &n. 
Mercurudis, L, 
Acalypha, L. 


llicinus, Totarnrf. 

Kottiera, 

Croton, Z. 


^SHJRorbia, Z. 
Cluytia, Ait. 
Xylophylla, Z. 
“^nyllanthu^ Z. 


afflnitiH.—As the more familiar forms of this Ordei,^ either apeto- 
lous, or even destitute of a calyx, it is usually arranged among the 
nochlamydess in elementary wbrto; bu^laigeOTonOTtion of the exotic 
genera have the corolla represented 'HIBST* 

OAnOmnn finnl.nwia t ftia 

Iuit>le~lo oe nusioaeii lur a 
sim^^no^^^^w^^^^TRup^IiK^n^Wuore, within which are formed a 
number of stamens with an articuktio^ in the filament, together with a 
stalked trie 


., ..... The stamens each represent a male 

flower reduced to its lowest terra; for a minute bract exists at the base 
of each filament, and in some species a perianth occurs ^ the articula¬ 
tion, which is, in fact, the base cf the flower; the ovary in like manne r 
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presents a female iSower. 
L(fig. 408), -where i 


^__ _Jie cup-hKe inVolucre iTrepissett by scales, 

J^l^ad of the jointed filaments, we find several stalked male flowers, 
with perianth and kameus, surrounding one female flower. 


Fig. 407. 


Fig. 408. 



Fig. 407. a, Tortif'iil of the ihicre of JCuphirHa IjnlhyrU^ oontiiining ono fitiilkod 

IMfltillnlo flower and eix aionandrouH H^iinstt* flowers: A. sUimitiHtf* flowrrs of 
othiT Biweies of Kuphoi bu. , ihi* lel't-handlpithoat a perianth, tho right with a amuil 
perianth at thi> lmiM> of tlii st4inH*n. 

Fig*40.S. MoHolaxuirideHiuta'. tf, involucre, with on<*pfaiilluieand soverul staminateflowers; 
6, a Bcpa^^ staminate, c, a sciwiratt* piatillimpflowcr. 


ancRorn^xotii 
are occasionally hresent. 
Sarciwocea succulent. Cm 
foreign Evphorhio) have* 





but Merctmalis has but two, 
er hand, !> or even 16 (Jfiira) 
The iVnit is usually dry and dehiscent, but in 

, j , ,-. .i. , —L._. . 

mblirtg those 


ay sn 


esny, . , . . „ . 

of the CactacpR!, Xylophi/llu and PliyllanOmx having loof-like flowering 
branches; and a number of large tropical trees belong to this Order. 

Were it not for the diclinous structure, these plants would approach 
very closely to the composition of the ovary 

beinganBlogous^n^BeMaBOTraiteifflOTBdelphous; Almrites, Jatropha, 
and other genera having a corolla much resemble Malvaceae; and there is 
“ ■ . On the other hand, looking to their 

ly incomplete flowers, they approach the 


a ftirther aifinity to 
diclinous character a' 


Urticac^ fium which they are, as a whole, distinguished by their com- 
^urmovaries: such genera as Ertmocarpm, having but 1 carpel, connect 


the two groitps. Some of the genera have stinging hairs like ITrticaceae. 
(Jatropha). 

DlaWbutlon,— 

• allyabM ^ iHMIfn illlia 


generally diifiised over the globe; 
neneg. 

-Tnfial.l 


which eonteinscaontchone; 

or less acnd,purj?atiye, emetic, or powerfully poisonous, ttftn the presence 
of a principle dissipated by heat; starch abounds in the roots of some 
kinds, while oil of a purgative character is common in the seeds; the bark 
of some of the frees has tonic properties; the wood of seve^ is very 
Taluab}».for its hard, dose teBfture; and several of the plants furnish dyes. 
The lactescent juice of Siphonia elastiea is tiie source of the *‘hotue” 
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naniitfflumo nfRMMi nnil On^^Tift; Ayieritex laodfera jiel^ Gum lac in 
Cuylon; Btiphnrlna mitiqmrvm ond B, canartenm are belieyed>4o. yield, 
the gum-resra called Enphorhiiim. The common Spurges (Jiuphm hia) 
have purgative properties; the root oi E. Jpecaeumha \» used ns an 
emetic in North America; and the species of Mercurialiii have simtiar 
properties, especially M. permum,^ which is unsafe to use, since it produces 
violent purging, and even sometimes convulsions and death. The most 
deadly member of the Order seems to be the 
3£atwmelltt)f a Panama plant, the jidco of which is so ararid as to .cause 
ulceration when djnpped on the skin, and its apple-lflie fruit has a vesi¬ 
cating juice ; the juice of Bvcwcaria AgMochum and Jlura o'epUms has 
similar properties. 

The oily seeds are mostly purgative: CjatSOJjiLis expi^sed from those 
of Croton'Tigliim and ParoHO (East InoIes^^yMjgijHjj^ from those of 
Jticimoi commmi», in which the pin-gative propnr^nound to reside in 
the embryo, not in the albumen; the seeds of Ilura crepitans and Curcas 
(Jatriiphn) purgam, the “ Purging-nut,” are violent cathartics, and those 
of Enphorhitt LatJn/ris are sometimes employed in tlie same wa;f. The 
solid oil obtained from the seeds of SHUitigia eelnfera, the Tallow-tree, is 
used for making candles in China. Cascarilla bark, with tonic properties, 
is obtained from Crdm B/ettterut (Baliamas'); C. pneuda-quim and other 
species have similar qualities. Oldjieldia afrie'ana is the African Teak- 
tree. Crosagthora tinetoHa fupiishes the dye called Turnsole: Bottlera 
tinrtoria (East Indiel^ a scarlet dye. 

The puiv starch obtained by gating and washing the roots of Jatror^ 
Manihot (3Jmiihot ntilissima) fwhMr,Hl«ier theintme of“MlBidioc 'or'OBS- 
sava, a most important article of food in South America-, the finer par¬ 
ticles of starch, softened by heat, and afterwards granulated, constitute 
Tapioca, Tho-trtwhing removes' iriwreotic-poifwnous matter which exists 
in the sap: the Indians dissipate this principle by heat, simply roasting 
the roots. It is a shrub about 8 find high, with a large root, sometimes 
weighing 30 lbs./and is cultivated all over the tropics, but especially in 
America. 

(BuxACKiR constitute a verj' small Order, formerly included among 
Enphorbiaceie, but differing in tlie absence of milky juice, in the loculi- 
cidal capsules, ovules pendulous from the4nHep*Bagfo>of the cells of the 
ovary, micropyle superior and internal. The leaves of the common Box 
(Bvieux) are purgative; the wood is specially used for engraving*ead'&f 
turners’ purposes). 

(DAPHNipHYiLACEiK are constituted by Miiller, of Argau, a distinct 
group, differing from tiie two preceding-in their snraH-embryo, concealed 
in albumen). 

(ScxPACEiB a|e a small group of East>-'Ilidian plants, allied to Euphor- 
biaceaj, but having the flowers in catkins, thus fonning a transition to 
the Cupuliferse and Betulacein. Genera: Seepa.Uaal.: Lepidodachys, 
WaU.) ’ 
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Okbeb CXXT^WETICACEiE. The Nbttlk Order. 

Ckua. JulifloTS, EncU. Ml. TJrtirales, Lindl. •Coh. Uiticales, Benth. 

V et Book. 

484. Diagnosis. —Herbs, shrubs, or trees witii stipules and mon- 
OBcio'i^ or dioecious or, rarely, polygamous flowers; perianth regular, 
free from the 1-celled (rarolj' 2-cellcd) ovary; stamens equal in 
number to the lobes of the iierianth, and opposite to them, or some¬ 
times fewer, uncoilin g elasticall y; embryo straight in the albumen 
when this is ^rcsent^fflWWBBfe pointing upwo^. 

This Order is divided into the following tribes:— 

1. Ubeekje. Leaves with stinging-hairs; leaves opposite, or if 
alternate arranged spirally; perianth of female flower 4-partcd, 
rarely tubular, always free. 

2. rB 0 CRiBE.E. Loaves without stinging-hairs; leaves opposite, 
or if alternate distichous; perianth of female flower free, 3-5-purtod; 
stigma brush-^ke. 

3. IbEUMEnkjs. Plants without stinging-hairs; leaves alternate 
or opjmsito ; perianth of female flower free or adnate to the ovary, 
frequently tubular, rarely very short. 

4. Parietabie-k. Plants ivithoat stinging-hairs: leaves alter¬ 
nate ; flowers dioemous or polj'-garaous; perianth of female flower 
tubular, free. Inflorescence bracteate. 

6. FoHSKoni.iK.®. Plants without hairs or with hardened hairs; 
leaves alternate or opposite; flowers diclinous, involucrate; perianth 
of female flower tubular or wanting. 



Ilettstbative Geneba. 


TjBBBEiE. 

! Boshmebirae. 

FOBSKdHX.IEiE. 

XJrtica. 

Bcehmerio. 

EonAohlia. 

U AOiACIm 

Peocbidr*. 

j PABJETABIEiB. 


Pileo. 

1 Parietaria. 



AJBnitlM.—^This Order is nearly relflted to the Malvacem and Enphor- 
biacesa on the one hand, and to the amentiferous Orders on the other; 
difiering'from the former in .the simple ovary, from the latter in ^le usual 
presence of albumen in the seeds, and in the flowers not being arranged in 
catkins. There is a furthef. relation to the Chenopodiacem, which, how¬ 
ever, besides the circumstance that they are only occasionally diclinous, 
have the embryo curved round the outside of the albumen. 

Dlatrflmtlon.—^The Vrticets are generally diffused, but are much more 
abundant in the intwtropieal regions than elsewhere. 
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QiuOities and Cies.—^Edible fruits and yaluable fibres ore the principal 
products of this Order, 

Hmhmeria ( Uiiica) nivea furnishes the fibre for^gaiinese " Gmss-cloth,” 
or Itamee; B. Pmja yields another valuable fibre; and the fibre of the 
Stinging-Nettle ( Urtieu dioka) was formerly used; U. lenacinsima famishes 
cordage in Sumatra. 


(Cannatiinacesb constitute a small group often in¬ 
cluded under Urtiraceie, but difiering in their stamens 
not being elastic, their elongated, not rounded, anthers,and 
ill their curvtd cxalbumiuous cmbn'o ('fig. -10!)). Ctimmbis 
giitiva furnishes the hemp of commerce, which consists of 
the woody fibres of the plant separated by maceration. 
C. iudim yields a narcotic resinous mnduet known as 
Indian hemp. Hnmidm Liipitliit, the llop, is well known 
fur its aromatic bitter properties.) 


Fig. 409. 



Fig* 409. Seed of 
Sum ulus (^>eni‘d. 


Oebeb CXXVI. ARTOCARPACEiE. 

C7(»h. Juliflorai, All. Lindl. (’oJi. UrticalesP, 

ct Ilodk. 

485: JHagmm *.—Trees or shrubs, or rarely herbs, with njilky juice; 
leaves altenjate, usually provided with convolute deciduous stipules; 
flowers diclinous, males' in catkins, females in heads or flat receptacles; 
periauth 3-4-pnvUHl or none; stamens not elastic; ovary 1-celled; ovule 
solitary; albumen fleshy, or none; embryo straight or curved; radicle 
superior. Illustrative genera: Artoewpm, Fieii*, Moriu. 

Affinities. —The main ditt'ertmee between this group and the Fiticacere 
lies in the milky juice and general habit. The iiiflorescenee and fruit of 
these plants are ciiriousf: m/>oivrfe«iVr the flowers are imbedded in the 
top of a tabular fleshy peduncle (fig. 15,1) ; in I^cim enclosed in an exca¬ 
vated fleshy peduncle (fig- lo2); in Morusthe female flowers are deve¬ 
loped in a sort of capitnlum, and subsequently coalesce into a conmouud 
fle.shy fruit, resembling a blackberry (fig. 3(X))”, but each f'pip” is formed 
from a distinct ovaiy; in Artnenrma the numerous flowers are crowded 
on a globular fleshy peduncle, which enlai^es into a laige fleshy fruity 
sometimes weighing >10 lbs. Ficus ntdica (the Ilanyon tree) is remiu'kable 
for sending down numerous roots from its branches, which strike into the 
earth and convert the tree into a kind of grove. 

Dlstrilmtion.—^Tho .iVrtocaroaceso constitute a large group, whose 
members are almost exclusively ti^ical and subtropicaL 

QoaUtlas and Uses. —Most of these plants have a milky juice, con¬ 
taining more or less of an amid poisonous principle and of cojoutchoue. 
Bro^aneHa jmpyrifera is the Paper-Mulberry tree, the iimer bark of 
which is used for making paper &c. in China and the South-Sea Islands. 
Antiaris saccidora has a fibrous bark, used for cordage and matting, also 
' Ceeropia pdtata, Brositnum, &c. Caoutchouc is largely obtained from 
Ficus elasiica and other species; a hulky juice, of very nutritious cha¬ 
racter, is obtained from, the Cow-tree of South America, Brositnum utSe. 
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The renowned Upas-tree of Java is a large tree, toximria, which 

has a very thiiaonous juice, and it is stated that linen made from its 
fibres, if badly prepareif, produces great irritation of the skin. 

, The fruit of Maclura attrmttihw, the Osage Orange, has an pran^- 
coloured pulp, used by the North-American Indians to stain thcir^skin; 
the wood of M. tindoria is used by dyers under the name of Fustic. 
Mona aVta, the White Mulberry, b laj^ely cultivated in Italy and tlie 
East for feeding silkworms. 

Dorstenitt Contrayerva was fomierlv esteemed as a tonic and diaphoretic. 
The wood of Fieta Syeonwnm, the Sycamore-fig, is very durable, and is 
supposed to have been used for mummy-cases. The see^ of the plants of 
this Order are generally wholesome and nutritious. 

(Stilaginackje constitute an Order of trees or shrubs, with alteniate, 
simple, leathery loaves and deciduous stipides; flowers diclinous, spiked, 
with a single 2-, 3-, or 6-parted periimlh; 'stamens 2 or more on a tumid 
receptacle; anthers 2-lobcd, dehiscing at the apex: oyary froe, 1-2-celled, 
each cell with a pair of suspended ovules; seed albuminous; embryo 
straight; radicle superior. These plants, natives of Madagascar and the 
East Indies, are nearly allied to TMireee, dilfering chiefly in the pidvinalo 
disk, inelastic stamens, and anthers bursting at tlie apex. The dru¬ 
paceous fruits of ArUtdeavta pubescms and JStilayo liunua are snbacid and 
agreeable.) 

(Phytocken^ck.® are an Order with somewhat obscure relations, con¬ 
sisting of a few East-Tndian climbing' shrubs with a curiously organized 
wood. They have diclinous flowers: but the rudiments of the abortive 
sexual organs e.xist in the flowers of both kinds, and the flowers have 
both calyx and corolla. They are sometimes included among the ArU>- 
carpete, hut have seeds with abundant albumen. Genera: Phytuvrene, 
Wall.; lodes, Blume, &e.) 


Okdee CXXVII. ULMACE.iE. The Elm Ordeb. 


Class, Julifiorte, JSndl. AH. Tihamnales, IditiM. Coh. Urticales, 
Jietiih. et Hook. 


486. IHagmsis .—Trees with watery 
juice, alternate leaves, stipulei^ perfect or 
monoBciously polygamous flowers; peri¬ 
anth free, membranous, campanulate or 
irregular (flg_. 410); stamens definite; 
filaments straight or moderately incurved 
in the bud j ovary free, 1-2-celled; styles 
or stigmas 2; fruit a single ^aii^ia 
(fig. 4ll^ or a drupe; seed suspended, 
with no ubumeu; tadicle su- 

perior,- 


Fig. 410. Fig. 411. 



Fig. 410. Flower of Ubnui. 
Fig. 411. Fruit of tUmat. 
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Tribe 1. Celtrub. Ovary \-edled. Tribe 2. Ulmbas. Ov^ry 2-ctilJed. 
Celtis, Tmrtuf. Planera, Ojnet. 

Mertensia, H. B. K. JDlmus, L. 

Afflnities, fte,—^Tliese plants, chiefly natives of northern countries, are 
very closely relatcnl to the Arittcarpere and other Ilrticaceas, scarcely dMn- 
piished by any p;encral character excej)t the polvgamons structure of the 
flowers. They are timber-trees with bitter astringent bark; Ulmm eam- 
pertrix is the common Elm-tree, U. numtana the Scotch or Wych Elm. 
CfHix atmtraltii, called the Nettle-tree, has a drupaceous fruit of astringent 
quality. 


Ordeb CXXVTII. PLATANACEJS. The Plane Orbek. 

Clans. .Tuliflorse, Bndl. All, Urticales, LindU. CoA. IJrticales ?, 
Benlh. et Hook. 

487. Biaffimis. —^Trees with watery juice, alternate palmately lobed 
leaves, sheathing stipules, and moncecious flowers in separate ana naked 
globular heads, destitute of calyx or corolla; the fruits consisting of heads 
of clavate 1-seedcd nucules furnished with a bristly down along the base; 
stteds solitary, rarely 2, pendulous; embryo iu very thin albumen; radicle 
inferior. 

Illcsthatitf. Guntts. 

Platanus, L. 

Affluittes, te.—The Plane-trees, natives of North America and the 
Levant, natnmlixed in oiu: narks and squares, are chjefly remarkable for 
the Iwauty of the form and toliage. The structure pf the inflorescence is 
amentaceous as regards arrongimient and the absence of envelopes; but 
the ovaries are like those of Artocarpeee, from which they are divided 
chiefly by the achlamydeous flowers, the imerior radicle, ana the presence 
of albumen in the sera. 


Order CXXIX. JUGLANDACE.^. The Walnut Order. 

0<m. Terebiuthinm, Endl. AM. Quemales, Idndl.^ 

488. Diagnosis .—^Trees with alternate pinnate leaves, without stipules; 
the sterile flowers in catkins, with m irregular perianth; the fertile soli¬ 
tary, or in small clusters, with a regular 3-6-loDed perianth adhering to 
the incompletely 2-4-celled ovary, with only 1 erect ovule. Fruit con¬ 
sisting of a dehiscent husk enclming a woMy riieU, contaiuing a large 
2-4-lobcd orthotropous exalbamisoua seed; cotyledons oUy, sinuous; 
radicle short, superior. 

Illdstbattve Genbba. 

Oarya, Nutt . 
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AfBnitieB, *0. —A sihbII but well-marked prroup, tionrly tn 

lifene, but differing in the solitary ovule and in the absence of a cupitle. 
From the minoua juices and pinnate leaves, they have been regarded os 
allied to Terebinthaceis; but the latter have petals, a free ovary, and curved 
ovule. The Walnut (Juglans n^d) is a well-known example of the Order, 
The wood of this, os well as of nigra, is valued by carpenters. The 
nuts of J. cinerea are called Ilattcr-nuts in Canada. Canja alba, the 
Hickory of North America, has tough, elastic wood and an edible nut, as 
also has C. oKva-fomiis. 


Order CXXX. CUPULIPER^. The Oak Order. 

dans. JulifloruB, Endl. All. Q.uemalcs, liadl. Coh. Amentales, 
Benth. et Hook, 

489. Diagnosis ,—^Trees or shrubs with altomatc sim^o feather- 
veined loaves, ^d deciduous stipules; monoecious flowers, the barren 
in catkins or clustered, the forfdlo solitary or clustered and furnished 
with an involucre which forms a cup or covering to the flowers 
(fig. 41.3) ; cf stamens 5-20, inserted at the base of scales or of a 
membranous perianth; $ ovary crowned by the rudimentary teeth 
of an adherent calyx, 3- or more-celled (fig. 412) ; stigmas nearly 
sessile ; ovules solitary, or 2 in a cell; fruit a 1-celled, woody nut, 
more or less fnvcloped by the involucre (cupulc), containing 1 or 2 
seeds (the i-cst being abortive), destitute of albumen; cotyledons loi'ge 
and fleshy; radicle minute, superior. 


Fig. 413 , Fia. 41.3, 



Fjip. 412. Qutreust a, vortical aoction offoTntilo flower; 6, cron Beotion. 
413. O^iened involucrf. with two flowers of CMiatuta. 


liiUSTtUTrVR Orkera. 

Carpinns, X. Pagpis, X. | Quereus, X. 

Corylus, X. Castanea, Omrtn . Ostiya, Scop. 
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£jg]iLXj|m^&|||^y reason of the achlamydeous male flowers and of the 
leai^upiil^raie female flowers of the former. 

Distribution. —A large group, the members of which are for the most 
part natives of forests of temperate climates. 

Quolitlos and Uses. —Timber*trees of great importance; some also having 
edible fruits; the bark and other parts move or less astringent. QmrcvH, 
a very extensive genus, includes Q. Hohur, British Oak, of which there 
are two vitfieties—Q. sesnUiJlom, Durmast, and Q. fiedmmdata. Q. Suher 
furnishes cork; Q. ^t/Hups has large rough cupulas, extensively used by 
d^'ers under the name of Valonia; (i. eoccifera is the Kermes Oak; Q. 
tmcturia furnishes Quercitron Bai’k; Kut-galls are produced by the attack 
of an insect on Q. tiifeefon'a; Q. Ile.r is the Holm Oak, or Evergreen Oak 
of our shrubberies. Between 200 and .TOO species of Qtiercuf exist, some 
of which have edible fruits. Cori/lim Awttnm is the Eilbcrt, or llaxel; 
Cattamia vencti, the Sweet Chestnut: C. mnenrnntt produces a smaller 
nut; sj/hatU-a, the common Beach, has a valuable hard wood, 

as also Curium Betiilm, the Hornbeam; and Oxtryn viryimea is called 
Iron-wood m North America. Oil is obtained by pressure from the seeds 
of the Beech and the Hazel; the Nut-oil of the‘latter is hugely used by 
pointers. 

(AlYRiOACKiB constitute a small Order of shrubs with resinous-dotted 
often fragrant leaves; moncecioiis or dioecious achlamydeous flowers, both 
kinds in short scaly catkins; stamens 2-1(1; ovary l-ccUed, with 1 erect 
ovule; fruit drupaceous; embryo without albumen; radicle superior. 
Iliey difler from the otlier amentiferous Orders in the simple and free 
ovary; they are also relafod to Urticmcete, but differ in tte amentaceous 
inflort'sccnce and in the structure of the seed. They have many points 
in common with Jugliuidacese, but differ in their achlamydeous flowers 
and superiiw ovaiy. They arc aromatic shrubs or trees, with tonic and 
astrin^nt nTO])crties; and wax, resin, and oil ate obtained from them. 
Myrica Ome, the Bog-Myrtl(!, or Dutch Myrtle, fields an aromatic oil 
and seci'etes wax; M. eenfera, the Wax-Myrtle, secretes a green wax; 
(.'omptonitt ax^einifo/ia is used in cases of diarrhma in North America. The 
fruit of Myruxt sapida is eaten in Nepal. Genera; Myrica, Contptonia.) 


Order CXXXI. BETULACEiE. The Birch Order. 

Class, Julifloree, Endl. AU. Amentales, Undl. Coh. Amentales, 
Henth. et Hook. 

400. Diagnosis. —Trees or slirubs; monoecious, with both kinds of 
flowers in scaly catkins, 2 or 3 under each bract (sc^es of the flowers 
whorled in Ahum) ; ova^ 2-celled, 2-ovuled, ripening into a dry, 1-celled, 
1-seeded, often winged nut, without a cup^e; seed pendulous, exalbu- 
minous; radicle superior. 

lU.USTBATIV'E GeNERA. 

Betula, Z. Alnus, X. 

^is small Ordw distinguished from ChpuMmm iuld 



3S6 


SYSIEHAHC BOTANT. 


JuglandacesB by tbe free ovsiy, ani the regnlar occnn«nMi0£^iUHU|lijA 
the ovary, one ceil, however, being usually obliterated in the fruit. From 
SaUcaceae they diifei in the 2 cells, and by the solita^ ovule in each cell. 
These plants belong chiefly to temperate and cold climates; Betvla tuma 
and Almis imam form dwarf shrubs further north than any other woody 
plants, except some Willows. The bark is regarded ns tonic and astrin¬ 
gent, and an empyreumatic oil is obtained from that of the common 
Birches Bdula atha and gltdinom, which gives the peculiar odour to 
Russia leather. The bark of B.papgracea is used for making baskets 
and many other articles in North America. The sap of B. alha, nigra, 
and letUa yields sugar at certain seasons. Atmts glntiuom is the common 
Alder; its wood is esteemed for work to remain under‘water, and for the 
manufacture of charcoal; the leaves and female catkins are sometimes 
used by dyers. 


Okdek CXXXII. SAIjICACEiE. The Willow Order. 


■ Class. Julifiorsc, Bndl. All. Amentales, Lindl. Coh. Amcntoles, 
Benth, et Hook. 

Fig. 414. 


491. Diagnosis. —Direcioustreesorshmbs, 
with both kinds of flowers in catkins, one 
under each bract, entirely destitute of enve¬ 
lopes, or with a membranous,gup-like peri¬ 
anth fiig. 414); the fruit a 1-celled and 2- 
valved pod, containing numerous seeds 
clothed \vith long silky down; no albumen; 
radicle inferior. 



^ male and 9 flower 

oiPofulu9, 


Illuhtbative Genera. 


Salix, L. 


Populus, L, 


AfflnlUe^ iNh—This amentiferous Order, consisting of but two genera, 
oRe of which, SaUx, is rich in species, is at once distinguishable by the 
2-valvod fruit haying numerous seeds clothed with silky hairs. The 
2-caipcllary ovary and the inflorescence connect them closest with 
Betuloceie. The Willows (Salix) and Poplars (Fopnlus) belong to tem¬ 
perate and cold climates. Some are valuable for their timber; the young 
shoots of Willows furnish material for basket-work; and the bark has 
usuaUy febrifuge propertie^depending on the presence of Salicine. Pbpfi~ 
bu nigra is the common BlacK Poplar, of which the Lombardy Poplar 
appears to be a fprigiate variety; B. tremula is the Aspen; P. alba is 
the Abele, or White Poplar. Salix bahylmica is the Weeping Willow; 
Sallows and Osiers are the shoots from pollard stumM of S<dix viminalis, 
vitMm, &c.; Salix a®a is the ordinary Willow-tree found by river-sides. 
Willow-wood is used to some extent in turning, on account of its white 
colour, and it k esteemed for making charcoaL 
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Obdee CXXXIII. CASUARINACE^. 

Class. Juliflonc, EiM. AU. Amcntales, lAndl. 

402. Diagnosis. —^Pseudo-leafless trees with pendulous, jointed, striated 
br^ches, the nodes sometimes with short toothed sheaths (whorls of 
loaves); flowers in spikes, achlamydeous, diclinous; the barren flowers 
in I 00 .S 0 spikes, with 2 Iti-acts and 2 sepals, the latter adhering at their 

E oiuts; stamen 1; author 2-cellod; the fertile flowers in dense spikes or 
eads, with 2 bniHsts; ovary 1-celled, with 1-2 ascending ovules j seeds 
exalbuminous, with a superior radicle. 

IlXUBTBATIVE GkNUS. 

Cosuoi-iuB, Z. 

EfOnlties, * 0 .—K small group consisting of trees of remarkable aswct, 
the branches having much the appearance of the branched Eqmseta. The 
jointed stems and tiDortive leaves connect them also with Dphedra among 
the Gynmospenns, to w'hich they approach also in the very reduced cha¬ 
racter’of the flowers. They acquiri! large dimensions; and the wood of 
their trunks becomes veiy solid and heavy. The greater portion of them 
are natives of Australia, whore they are colled Keef-woocT trees, from the 
red colom* of the timber. 

(Cni-oKANTiiACKiE Constitute a small Order, having the following cha- 
l-acteristics. Herbs or under-shrubs with joiutcd stems swollen at the 
nodes, upposito simple leaves witli sheathing stallcs and minute intcr- 
petiolar stipules; flowi'rs in terminal spikes, aehlamydeous, hemaphro- 
uite or sometimes diclinous, with a scm 3 ' bract; stamen 1, or, if more, 
coherent and delinite; ovary 1-celled, l-seedcd; seed jieudulous; embiyo 
in the apex of fleshy nlbuineu; radicle inferior ; cotyledons divaricate. 
Nearly rehited in general cbai-aeter to PiiKii-aceu!, but difiering from them 
and fiom Sauniraceai in the absence of the double endosperm, the embryo 
biing witliout the “anmiotic sac;” there is a moi-e distant relationship to 
UrticacesB, and perhaps some affinity to lAirimthacem. The plants are 
tropical, commonly have fragrant properties; and the roots of Chloranthus 
nfficinalis and hraehystaehgs arc esteemed os tonic, febrifuge medicines in 
the West Indies. ’The species »t Iledyostmm have similar properties. 
The leaves of CldoratUlais ifwonxpitma are occasionally used to flavour 
Tea.) 

Obdee CXXXIV. PIPERACE.®. The Peppbb Obdeb. 

Class. Piperitie, JSndl. AU. Piperales, IMl. Cok. Fipera^, Benth. 

at Hook. 

493. Diagnosis ,—Shrubs or herbs with jointed stems; opposite, 
whorled, or, by suppression, alternate leaves; stipules absent, in pairs. 
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or singly opposed to the altor»ato leaves; flowers Fig. 416. 
spiked, hermaphrodite or dicecions, achlauiydeous, in 
the a^ of a hract, with which they are sometimes 
confluent; stamens 2 or more; anthers 1-2-celled; 
ovary free, simple, 1-eellcd, with a single erect or- 
thotropous ovule ; fruit somewhat fleshy; seed erect, 
with the embryo in a distinct sac (amnios) at the top „ . - 

of copious albumen (fig. 415); raiclc superior. 

iLLUSTBAXm! GeNEBA. 

Peperomia, J?. P. | Cliavica, Mig. | Piper, Z. 

Mucropi]S!r, Mig. Cubcba, A/ig. Artanlhc, Afig. 

Afflnlties, be, —The stems of some of the Pipcraceie present so irregular 
a form of arrangement of the wood, that some authors have regarded 
them asLbelonging to the Momwotyledonoiis class; but this structure is 
not exactly that of the Monocotyledons, imd they have a dicotyledonous 
embryo and reticulate-veined articulated leaves; they may,’however, 
be regarded ns connecting the two Classes through Araceoe, tbeinsjdvcs 
somewhat anomalous fonus of Monocotvledons. The chief ja-cidiaritv of 
the wood is the presence of woody bundles (sometimes forming a c<unplctc 
ring) in the pith. Their nearest relations are Chlorunthai^ei,. and Sauru- 
racete; but they differ 'from the former in the sac of tin! etnliyo, the 
erect seed, and the alternate leaves; from the latter in th(^ simple ovary 
and the absence of stipules. They are more distantly related to Uili- 
cacesQ. 

Dlstrflmtton.—A large Order, the species of which are for the most part 
tropical; most abundant in the hottest puts of America and of the liast- 
Inoian islands, in damp situations. 

QnoUties and XTses.—^I’uugeut and aromatic, mom or less astringent 
or narcotic, lilack Pepper conrists of the dried fruits of J’ljn-r niyrum ; 
'White Pepper is the same, with the fleshy epicaip removtid by washing. 
Long Pepper consists of the dried spikes of Chavica Rtwlturghii (Piper 
hngum ); other species of Chmica are used in India and Tropical Amenca, 
with AjimMe atmnea, &c. The leaves of Chavica Bette are chewed, mixed 
with slices of the lletel Nut (Areoa oterar-eu) and lime, by the Malays and 
other Indian races. The ripe fruits of CrMa gfficmalis, eanina, WaUichii, 
&o. form Cubebs, or Cubths Pepper, and have aromatic, stimulant, and 

S tive properties; Artanthe ekmpata and adunca ore said to have 
r virtues. Macropiper methpstictim, the Avaor Kava of the South- 
Sea Islands, has powerful narcotic properties. The leaves, or powdeied 
leaves of Artanihe dmtgata are also esteemed ns a styptic, Known by the 
name of Matico, in South America (other plants are also called by this 
name, such os Bupatorium glutinosum). Most of the plants of this Order 
possess some of the almve properties, more or less powerfully marked; 
Artanihe croeaia yields a yellow dye, obtained from the spikes of fruit 

■ ^acbcbaceje constitute a small group of aquatic or marsh plants, 
of North'America, ,C%ina, and North India, lebted to Piperaceie, but 
differing in the comppnnd ovaries and stipulate leaves and wood destitute 
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of bundles in the pith. They are mor^ or leas acrid. Samtirug cemuus is 
sometimes used id medicine, an irritating cataplasm being made from the 
root) 

(CKnATOPHYi.t,ACEJB are aquatic herbs with whorled, finely dissected 
leaves, aifd minute axillary and sessile monmcious flowers, without floi^ 
envelopes, but with an 8-J!}-cloftinv<»lucre in place of a calyx; the fertile 
flower is merely a simple 1-celled ovary, with a suspended orthotropous 
ovule; the seed filled by a highly dev(doped embiyo with 2 cotyledons tmd a 
conspicuous plumule; radide very short, inferior. The genus Ceratophyl-. 
hmi, of which some authors ditsciibe U species, while others reduce them 
to 1, constitutes this Order, consisting of aquatic plants with whorls of 
leaves, and having almost tlie appearance of someCiontervoid. The relations ' 
of VeraUiphyUum are obscure: it has been connenfed with the Ilaloragacese 
from its resemblance to Mi/riophyllum, while Lindley places it provisionally 
among his lirticoles. The most nunarkable point is the structure of the 
seed, which is exalbuminous, and consists prmcipally of 2 fleehy cotyle¬ 
dons, inside which stand a dccussatiim pair of leaves, and within these, 
summnded by withered endospenu-ceJls, is the plumule, bearing a whorl 
of leaves separated by a short iutemode from the second pair. In the 
highly developed state of the phmiule they resemble Nehunhium. They 
are found in ditches &c. throughout the northern hemisphere, and they 
have no active properties.) 

((’Ai.LiTi.ic.itArK.K .w small aquatic annuals, with opposite entire 
leaves, and 8olitary_ polygamous axillary flowers, without any proper 
tlonil envelopes; fi'uit 4-lobod, 4-celled, d-seededj seeds peltate; emb^o 
inverted in the a.^is of fleshy albumen; radicle very long, superior. THs 
Older consists of the giuius C 'l-ilnehe, comprehending the Starworts of 
our freshwater pools, of which 15 species occur in Europe and North 
America. Their flowere are so simple that it is difiiciilt to settle their 
afliiiities. Some regard them as related to Uippum, agiong the Halora- 
gaceie; but they apptuir to be truly ochluinydeoua, whence others consider 
them allied to Eujmorhiacea), fimn which they difier only in their 4- 
lobcd ovary and in the structure of the seed. They have no known 
properties.) 

(PonosTKMACKJE are aquatics, growing on stones in fresh running 
water, .with much the aspect of Seaweeds or Mosses ; the miqute flowers 
bursting from a spatho-like involucre; perianth 0 or of 3 sepals; stamens 
1 or many, hypogyuous; ovary compound, 2^%eelled, with 2-3 stigmas; 
ovules numerous; fruit a many-seeded, ribbed capsule, the blacentation 
of which is axile or parietal; seeds exalbuminous, with a stra^ht embryo. 
This is a group of very curious plants, having a distinctiy Dicotyledonous 
embryo, but much Uic'habit of the Monoeotyledonous Naiadoceoe. Liu^ey 
regards them as related to Elatmiiceae,^ or possibly to Plantaginaceu!, by 
way of LUioreUa. Hydrogtaohys is uclinous, the ptber genera perfect. 
In.some of the genera there is no real distinction between stem and leaf, 
the atnioture being analogous to a thallas. They ore most numerous in 
South America; some occur in India; one in North America. They have 
no active properties; but some species of Lacit are used for food on the 
Bio Negro and other parts of South America.) 
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Obdbb CXXXV. :pALANOPHOEACfc^. 

M 

C3a»s, BluzantbesB; JS^uS. Class. Bbizc^ns, Lindl. QA, Bbizanthales, 
Senth. Mook. ' 

404. lloot-parasites'with amoiphous fungoid stems, 

destitute of leaves, never green, with fleshy subterraneous rhizomes 
or tubers, and naked or scaly peduncles bearing spikes of flowers; 
flowers mostly unisexual; nrale flowers cionspicuous, with a tubular 
.entire, slit, or 3-5-lpbed pcriantfi,.valvato in the bud; stamens 
usually 3-3, more or less connate, or distinct; female flowers very 
miniate; perianth Wil.h the lube adherent, and mostly without a 
limb, or 2-Kpped; ovary inferior, mostly 1-cclled; styles 2 ; ovule 
solitary, TOadulous; &uit a smalls oompressed, l-secdodnut; seed 
Vith hard granular albumen and a lateral amorphous epibiyo. 

iLunsTEariVE, Qbbbba. 

iialanophora, !Forst. Sarcophyte, ^parrtn. 

Cynqmorium, Michel. llelosis, Rich. 

AfBalties, &o.—^Tbe peculiar parasitib habit and fimgoid texture of the 
plants of this and>1110 two succeeding Orders have induced many authors 
to separate them from all other. Flowering plants as a distinct class; hut 
the grounds of this separation seem untenable; p^sitism occurs in plants 
of the most varied sti'ucture, and this character of habit is not even of 
ordinal value. 'Jhe structure of the. stems of Balonophoracete is merely a 
degraded form of the Iflcotyl^onous type; aud the flowers are iu like 
manner provided with all the real esf&htials of the I’hanerogoiuous struc¬ 
ture, since the acotyledpnous embryos, upon which stress has been laid, 
occur in Orobaflehaeem,' Orchidacem, aud various other Orders. Or. 
Hooker, who h'a;s utost' elaborately investigated this Qrdei', regards them 
as having affinity, id flheir floral 'structures^ to the llaloragoceie, where, 
as in Hippuris, we find in plants not parasitic a reduction of the parts of 
the flowers os complete as that in. Chfmpmrimiu They are closely related 
to Ounneru ; but mfier in their parasitic habit, absence of leaves, &c. 

hlany of the plants seem to’'have idyptac qualities; Cynonuuium cocci- 
neum was formerly highlyvalued bv suigeons for tliis purpose, under the 
name of Ftmgus meKte/ists. 'SiAos nave very disagreeable odour, others 
are eaten like Mushrooms.' They occur on tlie roots of various Dicoty¬ 
ledonous trees, chiefly on the mountaitts.of tropioal countries, especially 
the Andes and the liimalayas; a few Occur at the Cape and other parts 
of Afldca, and some in Australia! C^nomorium b found in Malta, North 
A^^^^ tbtf iSevant, and the Canary Islpids. ; 

are root-parasitw of fungoid with perfect or 

nUbcecioiis flowers, solitary and sessile or dusted at the end of a scaly 
mm; periknth 3-^partea, anthers opening by slits; ov^ in&rior; 
ovules v^ numeroui^ growing over parietal placentas; £rdit* 1-celled, 
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many-seeded berry; seeds imbedded in pulp, albuminous or exalbuminous; 
embryo amorphous. Cytimu hypocidiv (south Europe) is parasitic upon 
the roots of Cidwi, and has unisexud flowers Hyanora, a Cape plant, 
growing upon flusj^ M^ipliorhwe and Other succulent plants, has henna- 
phrodite flowers. &cept in habit, they have very little connexion with 
the Balanonhoraceso; and from Itatflesioceas they difier in the 3-merous 
structure oi the perianth and the longitudinal dehiscence of the anthers. 
These plants are supposed by some writers to have a connexion with the 
Monocotyledons throuf^h Bromeliacete. Cytimu has astringent qualities; 
Ilyduora afnccaui, which has a putrid sm ell, i s roasted and eaten by the 
African natives.) 


Ordeh CXXXVI., RAFFLESIACE^. 

CYom. Ehizautheso, C/oss. Bhisogens, Znglt poU. Bhizanthales, 

JBcHth. et Uock. 

495. Diapwsis. —Parasites of, fufl^id structure, wittmut stems 
or leaves; the flowers solitary, sesni^upon .the br 4 nohca.o£ trees, 
surrounded by scales, perfect or dioecious; periarith 6-l0»parted, 
with a circle of scales or a ring in the throat; anthers jS-ecUed, and 
opening by distinct pores, upon a salver-shaped or subglobose column 
adhering to the perianth, numerous, distiect or oonuate, or con¬ 
centrically many-cellcd with- a common pore; ovules very numerous, 
growing all over the parietal plaopntas of the ,1-celled ovary; fniit 
uu indchiscent pericarp, with a great nufliber of alhuminous or ex- 
albuminous see^ with an undivided embryo. ' 

Ik 

iLnnsTRATrvh Geneha. 

Boi&esia, R. Br. [ Sapria, Griff. ‘ \ Pilostyles, OuUL 

AiBaltiec, fto.—Some of the Bafilesiacese occur -parasitic upon species 
of Cimu in the East Indies, others on Leguminous plants in South 
America. They differ from Gytinac^^e'In the abseneh of a stem, the 
6-merou8 perianth, and the porous aqtt^. _ Thqy aresomelimesTegarded 
as related to the Aristolochiacem. Raffkaia rirnoliK, a plant of Sumatra, 
is a wonderful object, consisting of a gigantic nu,wer of fiu^id texture, 
measuring S feet across, and weighing 1411»., einitting in decay a smell 
like putrucent flesh. This and'other species seem to have stvntic and 
astringent properties 
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Ordjsb CXXXVII. ARISTOLOCHIACEiE. The Birth- 
wort Order. 


Clasii. Serpentariie, AH, AsoriileB, Lindl, 


496. Diaf/nms. 
8 hrjjb 8 j£j[jj 2 ^^e]^ iivith perfect, 
r^Tjlaror irregular flowers; M 
[lycnons Higgle ■ tubular -DCr^- 


'’(figs; 416, 417) (valvate in 
tie bud) adherent, below to the 
6-celled ovarr, which heoomcs a 
many-seeded 6-cellod capsule or 
berry; stamens 6-12, more or 
less adherent to the style (fig. 
418) ; pthers adnate. ext rorse; 
ovules numerous; scctls albuml- 
nouB; embryo minute. 


Fig. 416. Fig. 418. 



Fi};. 41*^ Flower of ArUlolocltia ClemiMiiiig, 
Fi|^ 417. Perianth of 

Fig. 418. Ovary and atamena of w4rurfo/ocAia. 


Illustbatiue Genera. 

Asarum, Tvumtf. \ Aristolochia, Toumef, 

AtBnlties.—The teinniy structure of the flowers of this Order, togethei 
with an aberrant structure of the wood, which presents no concentric 
rin;;s, seems to indicate that these plants have affinities to such Mono- 
cotyledonouH (Irders as IHosrorrace®, although they are really Dicoty¬ 
ledonous. Their more immediate relationships are obscure; most authors 
connect them nearly with Nepenthace®, the afiinities of which, again, 
are not clearly made out. Their stamens, adherent to the style, distin- 
gui.sh them from all otlienMonochlamydeous Orders. 

DistrnmUom--^|^,Jjj£gt;J2l4SI> species of which are generally dif- 
fased; mpat numtUQURm taap«^oi^th Aapka. , 

Qualities and Uses.—Some" of these plants have enjoyed considerable 
reputatiop, having pungent, aromatic, and stimulant qualities. The Axi- 
Mochiee take their name from the roots of A. Clematitis, hmga, rotunda 
and others being used as emmenagogues. A. Serpentaria, yii^niai 
Snake-root, is one of the many spediics for Snake-hito, and it is sto¬ 
machic and tonic. It is worth notice that aOTjjj|^|Sgeciee^f^4rg|{jjfo^ 
jn different countries are considered bv tB6 natives valuab le remediee 
injjgggjylfjggJjg-ImJgl Asarum europavm, Asaratacca, is acrid: ifi 
leaves were fomerty much used in a snuff employed in affections of the 
eyM. Some,of these plants are very handsome climbers, with large 
co^te leaves, and emking helmet-shaped flowers. Those of Aristo¬ 
lochia eo^ata are large enough to be used as caps by the Indian bogc 
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in the Brazilian woods. The West-Aiiican A. GoUieana is eqn^j 
large. 

(Kepknthace.® are herbs or half-shrubby plants with alternate leaves 
which, when perfect, have a long stalk terminating in a pitcher with an 
articulated lia (fig. 104); flovigers dioecious; mtrianth 4-merous; stamens 
coherent in a solid column; anthers about 10, extrorsc; ova^ free, 4- 
anglod, 4-cclled; seeds veiy numerous, attached to the sides of the dis¬ 
sepiments ; cmbiy'o in fleshy albumen. - The relations of this Order ore 
at piosent obscure; most authors connect them with the Aristolochiacese 
&c. They are natives of swamps in the East Indies and ChinafiB^ one 
or two are found in the Seychelles au^ IjladagBscar. Several ^cies are 
cultivated in our stoves on account of ^e curious pitfeher-like organs 
which arc developed from some of their leaves (§ 101). They do not 
appear to have any active properties.) 


n 
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Class II, MONOCOTYLEDONES. 

497. ATlg^ospermous Kowrinf? Plants, with stems in which the 
woody bundles are isolated and diffused through a parenchyma in 
Which there is no distinction of pith and bark, the individual woody 
bundles never being developed further after the fall of the loaves to 
whiclu they belong; the leaves (very commonly sheathing at the 
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(figs. 422, 423); the floral envelopes often all petaloid or all green 
or scalc-liko, rarely with a green calyx and coloured corolla; seed 
with on embryo which possesses only one cotyledon, usually rolled 
round the plumule like a sheath (fig. 424, h, c) •, the radicle (a) never 
developed into a tap-root in germination. 

SnncLAss 1. SPADICIFLOBJE. 

408. Monocotyledons with the inflorcsccnco composed of flowers 
with a scaly, incomplete perianth, or achlamydeous, often unisexual, 
arranged on a more or less fleshy spadix, which is naked, or more 
frequently enclosed by a large spatho. 

In the Falmacea;, the structure of the flowers approaches that of Lili- 
aceae in the next Subclass; the Lemnacem, usually considered the lowest 
representatives of tlie Aroid type, have so few flowers that the spadidform 
peduncle docs not represent this structure very clearly: but it is surrounded 
by a spathe. Taccaceee resemble Araceoi in habit (but their flowers are 
far more complete); hence they connect this Subclt^ with the next. 


Order CXXXVIIl. PALMACE^. Paems. 


fjlaM. Principes, EneU. All. Falmales, Umdl. Coh. Palmales, 
Eenth. et Hook. 


499. Dinginom .—Trees cr shrubs, mostly with a simple un- 
branehed trunk (fig. 425), occasionally slightly ramified, with lar^ 
tomiinal clusters of mostly compound, stalked leaves, the stalks 
sheathing at the base; flowers unisexual or perfect, mfh a* double 
3-morous perianth, on a mostly branched, scaly spadix enclosed by 
spathe (fig. 426); stamens 6, hypogynous or perigynous; ovary of 
1-3 free or coherent carpels; ovules solitary, rarely two; fruit 
baccate; seeds with i minute embryo imbedded superficially in 
homy, fleshy, or bony albumen (fig. ^8). 


Illustrative Genera. 


Chamffidorea, WWI. 
Arecs. L. 

C^ylom H. B. 
Caryota, Z. 
Call us. Z. 


Samis. Geertn, 
Iferaspua. Z. . 
Lodoic^ Ldbill, 
Sabal, Adam, 
Chamrarops, Z. 


Bhajns, JZjlL 
Fheenix. Z. 


Amnitles, ftc.—^The Palms form a very natural Order, including a 
great number of plants varying to a considerable extent among tl^m- 
selves, but separated by very distinct characters from the rest of the Mo¬ 
nocotyledons. THby, as a rule, assume on arborescent character, the 
stem being formed on the same firndamentsl plan as those occasionally 
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occuTimg in other Orders of Monocotyledons; the stem of the Calamoid 
Palins bears much resemblance to that of the Bamboo among' the Grasses; 


Fig. 428. rig. 423. 



Tig. 42S. Tninlc anfl folingi* of u Rj)cvit*s of ylrmj. i 
Fig. 426. Spathi* and apafbx of yi^/ronirjfvM rwA/ow. 

Tig. 437. Bpriion of Ibi* fmit of tho CoeoA>nut Piilm; tin* bIipII nut. 

Fig. 42S. A Date* with half the ptnricarj) (e) n*iuored to aUow the wied and embiyo (x). 


the forms with scarcely developed intemodes, marked extemidly by the 
scare of the fallen loaves, agree ef»en11nlly with those of Fi/eca, Xm- 
ihfArhcen, kc., except that the fibrous cortical region is littie derelup(>d, 
and does not exhibit growth by successive layerfr as in those plants; the 
HyphameH, which have a branched stem, itebin to nCmify in the same way 
as the Vettosiea, by a bifurcation resulting from the occa.<donal develop¬ 
ment of an axillitry bud, which manifests a power of growth equal, 
or nearly so, to t^at of the terminal bu^ The ramification of the trunks 
above ground is a rare phenomenon; hnliitlU-ycry common for suckers to 
he sent out from the bases of the steidB Mow the soil, imitating on a 

S scale the appearance of the young hglhs around tho panmt in the 
Lceous Monocotyledons. The parenchythatwus substance of the stem, 
in which the fibrous structures are imheddra, varies much in consistence: 
sometimes it becomes lignified, •and gives a solid character to the trunk, 
as in the Cocoa-nut Palm; sometimes it is soft and spon^ mtemaUy, as 
in tha.S^^palms, becoming filled at certain seasons with starch. The 
ipat&iftirm inflorescence, unfolding from within a large foliac^us spathe, 
ionire^. the Palms with the Amctem, a relationship fonher indicated by 
the low tvne of structure of the flor^ envelones: nut there is a general 
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tendency to union of the eexes here, and a difference in the position of 
the embryo within the albumen,—^not to dwell upon the wide diversity 
of general structure and habit. The regular ternary arrangement of the 
llowers, the 6 stamens, and the 3-ca^llaty superior ovaiy approximate 
this family to the Ijiliacroie, in which, however, the habit differs in almost 
ever}' respect, besides the great diversity of the fruits and seeds. 

IS in some cases axillary, allowing of indenHw 
growtRrTnWrunPBWne terminal bud; in other cases it is terminal, and 
the flowering of the plant then puts a period to the term of growtlUsome¬ 
times as much as 20yearsl, the trunk dying after the ripening of the fruit 
(like the main stem of the Aj/ave), but oecnsiuually perpetuating itself 
by subterranean axillaiy suckers. Sometimes the axillary inflorescence 
breaks out fi’om above the cicatri.v of a long-ftillon leaf, on the bare part 
of the stem. The flowers are geneinlly veiy numerous; it is said that 
the male inflorescence of the Date bears 12,000 flowers, aud that a bunch of 
some of the 8uuth-.\ineriean Palms will bear liOUO fruits. In AMwuia 
ami/tfflalitut 207,000 flowers have been computed on a single spadhx, or 
000,000 on one plant! 




ever, to a single type. As a Wle, there are 3 carpels, either distinct or 
united into a 3-cel]ea ovary, each carpel commonly producing 1 ovule; 
iu Ciiem, however, 2 out ot‘ the ;1 cells are rudimentary, and thus only 1 
ovule is developed even at first; in Areca and others, S distinct cells and 
ovules urigiiitdly e.vist; iu Vkamturo^ix and P/itrjiix the 8 carpels form 
separate 1-ovuled pistils; in HortzmtK, a 3-ceUcd, 3-ovuled ovary exists, 
and the same iu Zodoirm. lu the course of the maturation of the fruit, 


the pericarp ljucomes variously developed, aud more or less of the ovules 
or of the di.stinct simple ovaries are aborted. In C'oeos the perienrp is 
developed tu-ouud the one,perfect cell, externally as fibrous husk, inter¬ 
nally as the woody shell of the nut; the fleshy part of the nut (hollow) 
constitutes the alb’umen of the seed sunounded' by a brown testa; and the 
embryo is lodged in a cavity iu the substance of the albumen, at one side, 
near the base (fig. 427). In Areca, 2 out of the 8 cells and ovules are 
abortive; the pencarp ripens into a fibrous husk round a solid seed, chiefly 
composed of nomy rummated albumen (the Areca-nut). In Clumuipop* 
and l^renix,^ out of the 3 simple ovaries ripens into a berry; the pericarp, 
becoming the pulp (Date), contains a “ stone,” or seed which is a solid mass 
of homy tibumen with the embryo imbedded in a small cavity a little 
bcneathT the surface (tig. 428), its place being indicated by a papilla on 
the surface. In Boramin, all tli'e ovult^ become developed, and form 3 
fibrous “ stones ” in the fruit In Lodoteea it often happens that 2 or even. 
3 ovules coalesce diuing ripening, forming largo, hollow, double or triple 
nuts, of the same character ns tlie Cpcon-nut, enclosed in a large fibrous 
husk (these are tho *' Double Cocoa-nuts ” of the Seychelles Islands). 
In Sa^ and other genera the ovary is clothed wjith imbricated scales 
pointing to the base, which ripen into woody structures, forming a peculiar 
nard-scaled covering to the fridt. _ 

DistrUmtkm. — A large Order, consisting of about a thousand species, 
chiefly tropical; scarce as regards species in Africa; a few advancing into 
temperate latitudus in North America, Europe and Asia, and -New 
Zealand. 


QuaUtles and Uses.—Having (apparently) no noxious properties, the 
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veiy varied products of this noble Order of plants render them of an im¬ 
portance to man second, perhaps, only to that of the Cereal Grasses. 
Their juices and secretions furnish si yar^ ste^ h, oil, wax^ Mid i^ins jfer- 
mentation of the juices of nfflSypifoduces spir ^ous HgiiiJs. Somem 
edible frilita-of great importance; the succment buds of -"■ 


inRcEina 


avo 

iilent ventables; their leaves are applicable to countless uses, from 

r?r—ar' __J XSI_ __t' Al_ 


nng"Kts fo 


mats and hats 


sfeafKni”-’ j^tioles furnishes material for cordag e, or, when more solid, 
supplies a valuable substitute fdrbrisQ’es'anH wb’alebone; the fibrous husks 
of the fmits afford textile ^terials; the triinlSTSrsbme kinds Income 
valuable timber; andTUeTrard albiiinen of the seeds ofseveral kinds is very 
lively used for turners’ work connected with cabiiiet-makin^r &c. 

Buccharine juice, fumishinior sugar or fermented liquid, according to the 
use made of it, is obtained abundantly by cutting the unopned spathes 
of Caryola wem, Coeox nuci/ern, liorassm ^iiMli/ormif, ItJiajm mtiifera, 
Soffuervi (Arengn) sacelumfer, IVumix m/lueglrts, Mgiiritta vimfera, JSlats 
gtiineeims, and others; starch is obtained abundantly from the central 

Sagtienis 

Mcclmifer, thn 

African Oil-Palms (JSlms ginitmuis and E. mdtmococca), the fruits being 
crushed and the oil extracted from the albumen by boiling in water; 
Cocoa-nut oil is obtained from the albumen of the seed; wax is ex¬ 
creted on the lower surface of tlie leaves of Vopeniicia veriffra, on the 
trunk and between the leaves of Ceroxylon imdicda. Catarntm Draco, 
Hi/phtetie, and others have a resinous matter in their juices. The most 
important fruits are those of the BatefP/ia'm'a^ dacti/Kfera) and the Cocoa- 
nut ( Cocos nHciferd) ; the fruit of Hifphtnte thrbmca, the ligyplian Doum- 
palm, is also eaten ; and the seeds of Arcca Catechu (Betel-huts), are very 
laigeiy used in the East Indies, for chewing with the leaves of the Betel 
Pepper. The fruits of some of the Palms are acrid ( Cargota, Sagwrvs ); 
tlie acridity, however, is removed bv soaking in lime-water, and they are 
eaten preserved with sugar. I’he Indian Cabbage-palm, of which the 
buds arc eaten boiled like cabbages, is Arcca oleracca ; Euterpe, mowtana is 
used in the same w’uy. Fibrous substance is derived from the husk of 
the fruit of the Cocoa-nut (Coir), Adrocanfum vutgare, Attalea ftmifera, 
and others; the bristle-like Piassaba fibres, used for brooms, are from 
Ijeopotdinia Piassaha. Tlie wood of the Cocoa-nut Palms is bard, durable, 
and handsome (Porcupine-wood); Eorassus JlaheUiformis yields what is 
called Palmyra-wood. Nuts suitable for turning are afforded bv the seeds 
of Attalea futnfera (CoquUlannts) and Thytelephas macrocarpa (VegetaWo 
Ivory). 

Common canes are the stems of Calamus Scipumum, Ztdacea, Euden- 
tum, &c. Partridge canes, used for walking-sticks &c., are stems of an 
unknown Palm. The petioles of Chamartps humffis are used for walk¬ 
ing-canes in Italy; and the fibre of the leaves of thi^lant is now coming 
extensively into use as a substitute for horse-hair. Ine foregoing is only 
a brief snmmaiy of some of the best-known uses of these plants; similar 
prodi|Ct%and applications are connected with a great number of other 
speies besides those here mentioned. Several species are cultivated, for 
the grandeur of their foliage, in our stoves: and some, such as Jubo’u spec- 
tabilu, Chamar^ excelsa, are sufficiently hardy to be grown out of doors 
in the south of England. 
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Obdeb CXXXIX. PANDANACE^. Scbew-Pines. 

C/as 8 . Spadlcifloree, Endl. Att. Aialc 8 ,-£tn(S. 

•’500. Diagnofis .—Trees or shrubs of Palm-like haMt, but often dic}) 0 «,, 
lomously branched, with the leaves sheathing at the base, imbricated in 
:i spiral ranks; flowers numerous, naked or scaly, male and fenudu or 
polygamous, arranged densely on a spadix furnished with numerous spa- 
thaceous bracts; anthers stalked, 2-4-celled; ovaries mostlj grouped, !- 
celled, with solitaiy <jr numerous ovules on parietal placentas; fruits with 
a fibrous husk, 1-seeded, arranged in groups, or many-ceUed berries with 
niauy-seeded cells; embryo muiute, imbedded at tlie side near the base of 
fleshy albumen. 

IliLPSTHATIVE GkNKBA. 

Suborder 1. Pandank.®. Flowers Sul>ord. 2. Oyclantheje. Mowers 

naked; leaves simple. mostli/with a periatUh; leaves fan- 

Pandanua, X.y<7. shaped or pinnate. 

Freycinetia, (Jaud. j Oarludovica, F. Sf P. 

< Kipa. Rumph. 

I Cyclanthus, Pott. 

—^This Order is related on the one hand to the TyphacesB by 
the inflorescence, which resembles that of ISparf/anium ; on the other to 
the Pahnacoie, which the Ci/idantheee approach in habit and foliage. The 
branching stem and the large acriaT roots of Pandamis (fig. 9^ are ex¬ 
ceedingly curious. 

Distribution. —Tropical: the Pundautva chiefly in theEost-IndianIslands, 
klaiiritius, &c.; the Vyelmihete American. 

QuaUticB and UseB. —1'he seeds edible; saccharine fermentible juice 
flow's from the cut spadices of Nipa and other species; tlie leaves and fibres 
are used for cordage, plaiting hats, &c. \ 

(Typhackae art! marsli-herbs, with nerved and linear sessile leaves and 
monoecious flowers, on a spadix or in heads, destitute of a proper perianth, 
which is replaced by 8 or more scales or a tuft of hairs; 
stamens 1 - 0 , distinct or monadclphous; anthers innate; 
ovary solitary, 1 -celled; ovule solitary, pendiilous; em¬ 
bryo in the axis of mealy albumen (fig. 420); radicle 
next the hilnm. Tlie habit and general appearance of these 
plants resemble those of Cyperacem, and the hairs of the 
flowers of Tyjdta are analogous to those of Eiiophortim ; 
but they belong to the Araceous type, and the structure 
of their inflorescence approaches closely, in S^irgauium 
especially, to that of l^ndanacese, which, however^have 
the ripe fruits more or less blended into a moss. There 
is also some resemblance in the inflorescence and in the 
flowers to Flatanaceae. The plants grow in ditches and maishes in most 
parts of the world. The rhizomes of Tmha contidn a certain amount of 
starch, and the young shoots of Bulrushes (T. laitfolia and T. angusti- 
folia) ore sometimes used as esculent vegetables, like '^ose of Asparagus. 
The abundant pollen is also nutritious, and is made into a kind of bread 
in Scinde, in Ifew Zealand, and elsewhere.) 

x6 


Fig. 429. 



Section of teed 
of Tj ^ ha . 
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CXL. AROIDE^. 

Class. Spadiciflorte, EnM. All. Aialcs and 
Juncales, Aind^. Coh. Arales, Emdh. et Eook. 

601. IHa^nom .—Plants with acrid or 
pungent juice, simple or compound (often 
veiny) leaves, and monmcious or perfect 
flowers crowded on a spadix, which is usu¬ 
ally surrounded by a largo bract or spatho 
(fig. 430); perianth wanting, or of 4-6 
scales ;■ ^it usually a berry; seed with 
the embiyo in the axis of mealy or fleshy 
albumen, or occasionally oxalbuminous. 


Fig. 4.%. 



Inilort'Bcenec of Qilla. 


InLTJSTBATIVB GkNKBA. 


Subord. 1. Auackje. Flowers im¬ 
perfect; spadix surrounded hy a 
spathe. . 

Arum, L. 

Oolocasia, Say. 

Caladinm, Vent. 

Dicflenbacbin, Schott. 
llichardia, Kunth. 


! Subord. 3. OnoxTiACKJE. Flotrers 
perfect, mostly irith a perinnth; spa¬ 
dix surrounded hy a sjiathe.or nahid. 
Tribe 1. TVith a spathe? 

Calla, L. 

I'otLos, L. 

Tribe 3. WiOmd a spathe. 
Orontium, L. 

Acorns, L. 


AfBnitlMb—^The peculiar thickened fleshy flowering stem densely 
covered with flowers of rudimentaiy stmetura, forminp: the spadix of tins 
Order, together with the spathe met with in most cases, give the pgonp a 
character of halnt which is gonerallv very distinct; some genera, however, 
such 08 Acortts, depart from this farm, and approach the lyphacese or 
CyperaMSB in aspect, with which the sj^iciflorous structure at the same 
time unites them; they have further rriations with the Fondanacero, and 
also with the Palmaceee, in which the inflorescence shares the spodici- 
florous characters; and (uthough the perianth is much more definite and 
highly developed there, its presence in Acortts and Ormdium of this 
Orier foims B connecting link. Lemnacese are closely related here, and 
perhaps should be regaraed as the simplest form of Aroids; but the 
conditions are so simple there that it is more convenient to separate them. 
From Maiodacese, in which the iuflorascence is moreover hard^ spadici- 
florouB, the Aroids are easily distinguished by the character of their seeds. 
The djucece are either herbs, sometimes with very hum leaves and 
spaces, or their stem becomes more or less devdoped and branched, so ns 
them a shrubby character; while others are miphytic and dimb- 
produdng aerial roots like the Orchids. Ime leaves are ^ the 
moK varied character in this Older. 

itistrllmtioii. —A large Order, not numerons in temperate climates, but 
r^Ksented there by Arum, OaUa, and Aeorus. Most abundant in the 
tt^os, eapedally in forests and the lower regions of mountains.' 
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Qaalltlei and Usca.^—^I'he juices of the Aroids are generally acrid and 
dangerous, some very poisonous; but heat seems to dissipate the noxious 
principles. The acridity is replaced by agreeable aromatic pungency 
111 Aeortu Calamis. The conns and rhizomes often contain much stoch, 
which is extracted, and purified by washing, from Arum maeulatmii (Port¬ 
land Arrow-root); while the corms of Arum indirum, Amomhqdudbu cam- 
pamdatus, Caladmm Ui-ohr, Colvcmia esculmfa (“ Cocoes” and “ Eddoes,” 
West Indies), C. mnerurhisa (“ Tara,” South-Sea Islands), and C. Idma- 
layeimis ni'e eaten, roasted or boiled. The rhizomes of C<dla palustris are 
also eaten after tliorough washing. IHtffrtdmrhia sej/tiina, the “ Dumb- 
cane ” of the West fndies, is so called from the infiammation of the tongue 
and fauces produced by chewing it; Draeontium pertmum ^remarkable for 
its perforated leaves) has blistering properties. Symphicarpiis fa-fidus, the 
“ Skunk-cabbage ” of North America, is very foetid, as is also the newly 
opimed intlorescence of Arum DracunruluH, A. italicum, and others, which 
produce sickness and serious iiidispositiou in some coustitutiuns. liiclwrdia 
afiiaom is the white-.spatked “ Trumpet-lily ” of our conservatories. The 
species of VhUodrndron, with rosy spathes and broad leaves 2 feet and more 
long, are very handsome stove-plants. The recently introduced Aidhu- 
rium Schersi-rianum is pirticularly noticeable for its brilliant scarlet 
spathes and its twisted spadix. 

(Lkmnack^ are minute stemless plants, floating free on the water, 
either destitute of distinct stem and foliage, as in Lemna, or consisting of 
'tufts of leaves connected bv filiform runners {Pudia); producing lew 
moiuecious flowers, siurouiiJcd by a spathe, from a chi^ at the edge or 
upper surface of the frond, or in tfie axils of the leaves; stamens definite, 
sometimes monadelphous; o. arj’ 1-celled, with 1 or more erect ovules 
from the base of the ca'U; fruit a 1- or more-seeded utricle; embryo 
straight, in the axis of fleshy albumen. Lemna, the genus to which the 
common Duc-kweeds belong, is one of the simplest representatives of the 
1‘liaiierogamia, composed of a stem consisting of 2 or 3 small leaf-like 
lobes producing little filiform roots below, and ultimately displaying a 
scale-Bke spathe at the niaiigin, enclosing the inflorescence, reduced to 
tw'o naked and unisexual flowersthe m^e flower consisting of one or 
two stamens, the female of a simple pistil. IHstia, also represented Iqr 
little floating water^lants, has distinct tufted leaves, and tiie tufts are 
connected by flagellimrm branches like the runners of a Stmwbeiry. The 
spathes are here axillary, and they enclose separate 'male- and female 
flowers seateA on distinct parts of the centi-al line of the spathe, which 
would appear therefore to be a branch,- like the leafy pedimcle of Pmeus, 
or else it has the spadix or peduncle adherent to its inner face. By some 
this genus, with Ambromnia, is included under true Arada The Lem- 
nacefe.are Ae lowest forms of the Aroid type of Monocotyledon.^, and are 
related by habit to the Nai^acem. The Lemtue occur chiefly in cool 
climates; J%ti« principally in the tropics.. Pigtia appears tb possess 
acrid properties; but the plants are of little importance, except, perhaps, 
as tendini to purify tiie stagnant pools and ditches in which they abound. 
Genera: Le/mm, L.; Putia, L.; Ambrosinia, L.) 
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Subclass 2. PETALOIDE^. 

602. Monocotyledons, ^rith the floral envelopes consisting of a 
regular or irregular perianth, of two whorls, both pctaloid, or more 
rarely both herbaceous, sometimes widi a green or scaly calyx and 
a petaloid corolla: the flowers mostly perfect, more rarely unisexual; 
the leaves with the primaiy* ribs parallel, or with a midrib and 
parallel secondary ribs, or rarely reticidated somewhat in the same 
manner as Dicotyledons, but with the veins branching at more 
obtuse angles. 

The greater part of the Orders here associated hove a natural connexion 
in tho structure of the Mrianth (either superior or inferior), the s^Ticor- 
pous ovaries, and the albuniinous seeds. Hut a small nsstmiblage of brders 
which are includtid hero diverge greatly from the general choi-acter, while 
they differ so much from oaeh other that they cannot very well Ih« sepa¬ 
rated in the form of one distinct group: tliese are the Ilydrocharidacere, 
tho Alismaceae, and the Xoiadaceie, which agree in the common character 
of an exalbuminous seed: but the first have lui inferior compound ovary, 
and seem to approach Bromeliacete; the second have more or less distinct 
carpels, together with a green calyx and coloured corolla, such ns occurs in 
Commelynaceip: while tlie third, also apocarpous, in their simpler forms 
approach in habit to the Aracem. 

Section A. Ovary inferior. 

(Taccackab arc tropical perennial herbaceous plants with tuberous 
roots and large leaves, somewhat resembling Aracese in habit, but with 
epigynous, petaloid, hermaphrodite flowers, the perianth of which is 
tubular; concealing 0 stamens with petaloid filaments incurved and hooded 
at the apex; ovary 1-ccllcd, with 8 parietal placentas projecting more or 
less into the interior; fruit a berry; seeds with fleshy albumen. The 
plants arc commonly regarded as coimscting the epigynous Monocotyhalous 
with the Aristolochiaccic, a Dicotyledonous Order with S-merous flowers; 
thny have affinity in habit to the Araeese, and in the flowers approach 
Bromeliacere. the watery juices of these plants are acrid; hut the 
tuberous roots contain much starch. This is extracted by washing from 
Taceit phmatiflda, by the inhabitants of Taliiti and other islands of the 
South Se^' who use tho meal for bread, cultivating the plant in fields. 
This species, with T, diAia, mantmm, and others, are used in like manner 
in Malacca, the Moluccas, Cochin China, &c., and are sometimes eaten 
raw with an acid, which neutralizes the acridity. Genera: Tacca, Forst.; 
Ataccia, Fresh) 

Obdee CXLI. DIOSCOREACEiE. Yams. 

C%iAS. Artorhizee, Endl. Clem. Dictyomns, Zmdl. Coh. Iridales, 
Senth. et JStoM. 

603, Dutgnosu. —^Plants with twining stems rising from large tubeiaus 



FKTAIOIDE^. 


373 


or knotted woody root-stocks, with broad netted-veined stalked leaves, 
small dicecious U-androus regular dowers, the tube of the (t-parted perianth 
adhering in the fertile flowers to the 3-celled ovary; styles 3, distinct 
or deeply trifid; ovaries 1-2 in a cell; stamens of tlie barren flower 6, on 
the penanth; fruit a 3-celled (or by suppression 1-celled) dehiscent 
capsule, or a succulent berry; seeds with a small embryo in a cavity in 
the hard albumen. 

Ii,i,tysTHATrvjs Gkneha. 

T%mns, L. \ Dioscorea, L. 

Afflnitioa.—^\'erv near to Smilacem, from which they difier in the in¬ 
ferior ovary and tlio cavity in the albumen; the mostly cajisular fruit is 
replaced by a beiTy hi Tamun, like tliat of Smilux, but inferior instead of 
superior. The epigynous condition relates these plants to Amaiyllidacem. 
Some aiilhoM consider that they are related to Aristolochiacem; but it is 
a distant afiinity. 

Distribution.— A rather large group, chiefly tropical; Tamwt eommtmh 
is Kritish. 

Qualities ond Uses. —The snp is often mom or less acrid; hut the tubers 
formed bv certain s^ieies of Yams, Dioscorea sativii, <d(ia, md acidea/a, 
contain abundance of stareb; so that, under cultivation, and after cooking, 
when the noxious principle is dissipated, they become valuable articles of 
food. The tubers of other Jh'osconw are unfit for food; and tliosc of Ta- 
mu^ cimwnoiis, Black Biyony, have amid, puigative, and emetic properties. 
Tekiulmarin elephantijies, a Cape plant, in cultivation in our Botanic Gar¬ 
dens, produces a remarkable tubitr above ground, resembling a rugged 
Htiiiiip of an old tree, covered by a kind of false bark, which is tessellated 
with large compound angular facets; its internal substance is eaten by 
the Hottentots. 

(Pini-ESiAOEA! arc climbing or erect shmhs with coriaceous, netted- 
ribhed leaves and large and showy perfect flowers with an 6-merou8 peri¬ 
anth in two circles, equal, or the calyx much shorter; stamens 0, adherent 
to the perianth at the base; ovary 1-celled, with .3 parietal placentas; 
ovules semianatmpous (not orfhotmpous, as is commonly stated). These 
plants, consisting of Lafwfferia rosea, a climbing shnib with beantiftil 
crimson flowers, and Philesia btmfolia, the flowers of which differ chiefly 
in the marked diflerenco of calycinc and coroUine circles and the mode of 
imion of tlie bases of the filaments, differ from Liliacesa cjiiefly in the 
parietal position of the placentas; in habit Lapageria is related to Smtlar, 
and is in some measure intermediate between Smilacem and Liliacem. 
They are Chilian plants, now in' cultivation with us. Lapageria bears 
sWeet edible berries.) 

(BoxDintaHiACEAE consist of 4 species cS RoxhurgJda, twining shrubs 
with broad leatherv leaves and tuterous roots, from the hotter parts of 
the East Indies, 'f heir habit connects them with Smilacem; but their 
perianth is composed of 4 petaloid pieces, and they have 4 stamps with 
enlarged connectives (each set of organs, according to GrifSth, in 2 di¬ 
merous circles), and the 1-celIed ovary (formdd of 1 carpel, according to 
Griffith) has numerous anatropous ovules arising from the base of the 
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cavity; the eessile angina is pcnicillate. The fruit is 2-valyed, witli 2 
clusters of seeds attached on long coi-ds; embryo in the axis of fleshy 
albumen. The affinities of these plants are not clear; but the resem¬ 
blance is perhaps greater to Pans than any other genus that can be 
named.) 


Osdbh CXLIL SMILACE^E. The Sarsaparilla Order. 


ClttsB, Coronnrieic, Emil. Chm. Ilictyogens, Lindl* Coh. lilinles, 
Beuth. et JHook. 


504. Diagmms .— Herbs or climbing shrubby plants with 
stalked n ctted-Tcincd loaves, regular jaTfeot or dioecious 
flowers, *mth the O-lO-partcd perianth of the fertile 
flowers free from the 3-5- (rarely l-2-)celicd ovary; 
stamens 6-10, iutrorsc; styles or sessile stigmas as many 
as the cells of the ovarj-, and distinct ; fruit a berry 
with few or several seeds; cmbiy-o minute, in hard fleshy 
albumen. 

IlLUSTBATIVK GENEnA. 


Fig. 401. 



Smilax, L. Trillium, MiU. 

Paris, i. Mcdeola, Orumo. 


AJRnlties. —^The plants are not separated bv any good charac- stainitn 
ters from the Aspaingeous tribe of the Liliacem on the one of Puri*, 
hand, while they pass into Dioscoreacoaj on the other, from 
which they difler chiefly in having a superior ovary. Smilax represents 
Smilaceie proper; Pam, Trillium, &c. have the calyx unlike the corolla, 
and ore sometimes made a separate Order, called Trilliaceie. 

Distribntion.—considerabJe Order in point of munbers. Temperate 
parts of Europe, Asia, and AmericA. Many species of SmUitx in tropical 
America and Asia. 


QnoUtleg and TTses.— Smilax has diuretic and demulcent properties, for 
which the creeping rhizomes of niMV species used, nnder the name of 


Smilax C^im has a fleshy root, said to possess similar properties. S. 
Pseu^Chim is laigek used in domestic medicine in the llnited States. 
Pans, and Medcda are more tdlied to the active Liliaceso in their 

prop«»tie8. Pom ^drifoUa, a curious herb wowing in groves in this 
country, is said to be a narcotic and poison j Medeula virgimca is emetic 
and diuretic. The species of Trttlimi arc violent emetics. 
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Obdeb CXLIII. LILIACE^. Lilies. 

CUm, Coroiiarieae, EniU. -r AU. Liliales, Lindl. Cah. LiUales, 
JSenth. ei Jlook. 

50.'). Dim/mnig .—^Hcrbs with parallel, sessile or sheathing leaves, 
regular perfect 6- (rarely 4-)audroiis flowers, with the ijotaloid 6- 
merous jiorianth, free from the 2 -3-celled ovary; anthers introrse, 
attached by a point; stylo single; albumen fleshy. 


Character. 


Perianth free, of 6 pieces in 2 circles (fig. 432), distinct or united, 
mostly of similar colour, and regular. 

Stamenx (!, introrse, inserted on the segments of the perianth. 

Oi/ary free, 3-ccllcd, with numerous auatropous or amphitropous 
ovules on axilc placentas; sfi/les simide j stwjma 3-lobed or undi¬ 
vided, sometimes sessile. 

Fruit dry and capsular, loculicidally valvate, or succulent and in- 
dehiscent ; seeds with the embryo mostly in the axis of fleshy 
albumen. 



Tulips, Toumef. 
Fiitularia, L. 
Ijilinm, L. 

Funkia, Spr, 
Agapanthus, IlirU, 
Phormium, Foret, 


InLusmATivK Genkba. 


Sanseviera, ThurA. 
Aloe, 

Yucca, L. 

Allium, L. 

Scilla, L. 

Muscori, Toimuf, 


Hyacinthus, L, 
Aspliodelus, X. 
Asparagus, X. 
Dr^tena, Vand. 
Gonvaflaria, I)csf. 
Ruscus, Tounuf. 


AfflnitlM. —Looking only at the more familiar forms of the Liliacee, 
the characters of flowers are very deflnite, although the habit of the 
plants brought together in this Order varies extremely; but there exist 
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certain genera of petaloid Monocotyledons, whose relations appear closest 
to Liliacete, which form Enks of chains leading olF in very varied 
directions, through the Orders of this Subclass. iMpa and the allied 
genera, with usually distinct lobes to the penanth and versatile anthers, 
are bulbous herbs; 'FimMa, IlemeroeaUu, imd other genera have a more 
or less tubular peiiauth, and often tiibeions roots instead of bulbs; Aloe 
has thick succulent leaves on a perennial stem; Yucca has a I’alm- 
like stem and rigid leaves. Seilla, AUimn, and their allies ore bulbous 
herbs, differing chiefly from the group to which Ttdipa belongs in the 
firmly fixed aniliers, and a membranous spathe enclosing the inflorescence 
when young. Authencum and others resemble the hist, but have tuberous 
or fibrous roots; AfihyUuHthea is a plant with the habit of Jiincaceic and 
the flower of Liliaceie; Xanthorrhaa, a genus belonging to the same group, 
forms a woody trunk like Yucca, or a small Palm. Aaparagiia and its 
allies, including ConratUnna, Umi/aeim, Jiuecus, &e., together with the 
arborescent Draetence and Cui'ihflines, are Liliaccre with succulent fruits, 
and scarcely separable from Smilaceoe. Cmmntliera and its alUcs, with the 
general structure of Liliaceic, have the penanth more or less adherent, 
thus approaching Ainaryllidaceie. IVachmtlorJia, TAtphiola, and others 
have the free ovary of Liliaceie, but triandrous flowers and the foliage of 
Htemodoracete. Aapuh'slra bears some resemblance in its foliage to 
Zingiberacese, while the character of the flowers approaches that of the 
complete Aracern. OphioiMu/im and Peliomnthes are likewise doubtfully 
placed here; but their structure is not sathiiactorily mode out. 

We see, therefore, that the Liliace® have widely spreading relations, 
although the t^icol forms %ro at once distingni^able. The superior 
ovary separates them from AmarylUdaceie, and the introrsi! stamens and 
closely coherent carpels from the Melanthoccie. Their very near con¬ 
nexion with Smilaceie is noticed above; they have a more distant affi¬ 
nity to the Palms and to the Juncacem in the general structure of the 
flowers, diftcring from both in habit, fruits, and seeds. Gilliesiaceie and 
PontedemceiB ore scarcely more than aberrant Liliaceie wdth irregular 
flowers. 

The structure of the arboresceijt stems of Dracana, Cordylhic, Xan- 
Outrrheea, Yucca, &c. has attracted considerable attention, since, contrary 
to the usual habit of Monocotyledons, their trunks sometimes increase 
more or less in thickness with age. However, the central axis corresponds 
essentially to that of the Palms; only a peculiar rind or false bark exists, 
capable of increase by layers, somewhat m the same way as the liber of 
Dicotyledons. 

iHstribatlon.— A large Order, the members of which are very variously 
and widely distributed; the bulbous kind.s common in temperate climates, 
the fibrous-rooted with them and in warmer localities: the succulent¬ 
leaved Aloes chiefly S.-African; fjie arborescent forms mostly subtropical. 

QnaUties and Uses.—Many of the Liliacese have active properties, and 
the juices, the fibres, or the fruits afford products of value in the arts. 
The juice of the succulent-leaved ‘Aloes dnes into a kind of resin, medi- 
dnal Aloes, one of the most viduable of purmtives; the species from 
which it is usually ob^ned Kta Aloe micala, vm^aris, socotrma, &c. The 
bulb of Urginea maritima is the MecGieinal Squill, valuable as an expec- 
ti^ant and diuretic, but emetic and purgative in large doses. Pancratium 
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(often cultivtited for its flowers) has similar properties. Tbe leaves and 
roots of Enithromum (Dog’s-tooth), of the Hyacinths (Hyacinthtts orien- 
Utlu, hmfaninis, Scillfl mdans), and the genera Muscari, Ormthoffahim, 
Gaffpti, all have emetic qualities; the tuberous flhrous roots of A>paragus 
and of the Lily of the Valley { ConvaUaria mojaliii) ere said to hi; wrgative; 
those of Solomon’s ^al ( ConvaUaria Polyffmatum) are acrid. The bulbs 
of the Crown-iinjierial (Frilillaria imperialis) and other species, and of <?to- 
riona nnprrba, art; said to be very poisonous. The bulbs of the genus Allium 
have milder properties, and at the same time possess a pungent quality, on 
ae<‘Ount of which they are extensively grown for food, the large and milder 
cultivated kinds being esculent vegetables; the smaller and more pungent 
are valued for impiuding flavour. AUiwn Cepa is the Onion; A. Porrum, the 
Ijeek: A. mfirtwi, GaAic, A. Sviiamipramim, ihe Chive; A. a»mlotnmm, 
the Shallot; A. Srttrmhjmnmm, the Rocambole: “ Spanish Onions,” coming 
from Spain, Portugal, and Egypt, are mild varieties of the common Onion, 
the bulb growing to a larger size, and foiming less of the pungent secretion. 
The bulbs of Ltihim ponipimium constitute an important article of food in 
Kamtsehatka; the tubers of Camama exnilvnia are eaten bj'the North- 
Ainerican Indians. The wood v roots of Dravenm iemtinalis ( Cordylme Ti) 
are eaten, roasted,by the Sandwich Islanders; sugar and fermented liquor 
are likewise pri’pared fTOm its juice; its leaves furnish fodder for cattle, as 
do those of the Orass-tree (Ximfhorriura) in Australia; the bases of the 
young leaves and the heart of the buds of the latter are sometimes used as 
esculent vegetables. The table Asparagus consists of the very young 
annual shoots (ftirionvK) of AvparayitK uffinnaUs, rendered succulent by 
cultivation. Astringent resins are obtained fiwm some kinds: Dractrna 
IJram, the Dragon-tree of Tenerifle, yields the true Dragon’s Blood, for¬ 
merly iiinch used in medicine, hut now seldom met with, the resin of 
rtf rocarm* (Leguminosm) being substituted. Xtmthorrhmuarhorea yields 
Botany-Bay Gum, which is yellow, pnngt'nt, and smells like Benzoin when 
burnt. P/iortHwm tenar ia the New-Zealand Flax plant; the fibre of the 
leaves is verv tenacious, as is that of various species of Sanaeriera, known 
as African llemp and liowstring Hemp in Amca and the East Indies. 
Active properties and uses are attributed to many other less-known spe¬ 
cies. A great number of I.iliaccai, hardy and tender, ornament our gardens 
and stoves, ns will be recognized from the list given above. Pdianthes 
ttdierosa is the Tuberose, celebrated for its fragrance. The Butcher’s 
Broom (Rioseu* aculmfm) is remarkable for its frmaceous peduncles (fig. 
4.14) and really almost leafless stems; and the fully developed flowering- 
stem of Aaparagus has only needle-shaped branches simulating leaves. 


Order CXLIV. MELANTHACEiB.;, The Colchicdm 

Order. 

.1 

CUus. CoronarieiB, Endl. All. Liliales, lAnH, CoA. Liliales, 
Benth. tt Hook. 

606. Diagnom .— ^Herbs with bulbous, tuberous, or fibrous roots, 
regular 6-merou8 and 6-androus flowers, the 6-parted pctaloid or 
green perianth free (or nearly so) from the 3-oeUed ovary; 3 more 
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or less distinct styles, and extrorso adnate anthers; capsule 3-valved, 
septicidal, or sometimes loculicidal; seeds with a membranous testa; 
the embryo minute, in fleshy or horny albumen. 

TT.I,r8TUATl\T? GbN£BA. 

Tofieldia, Hmh. Melanthinm, L, lliilbocodium, L, 

Asnjrr.’ea, LMl. Uvultiria, L. Colchicum, Twtrtuf, 

Veratnira, Tourmf. 

AfiOnitlog.—This Oi’der stands rcry near to Liliaeoio and to .Tnncaceo): 
from both theiv is a jteneral distiuctiou in the extvorso anthers and 
the senticidally tripartible capsule; but neither of these cliarneters is ab¬ 
solutely "eiieraL The position of the aiitheis must be exaniined in the 
bud, as they become disaming’ed by their weujfht and dehiscence in the 
open flower. Urithria lias a loculicidal capsule and unih'd stylus, and 
thus approaches Liliacefe through Er>itJiroiuiim ; while >Slre/>topui and Di- 
tpomin approach in character to •Sniiliu'eie, having a baccate fruit, and the 
latter arrow-shaped anthers somewhat like Paris. Colrhiciim resembles 
in habit CVww among tlie [ridaceic. and iSYmit>viy<Vf amoiig the Aiuipvl- 
L'daceio^ ^r^l^dia lias iutrorse Viituer^and appri)ach(!a .umcacea) noth 
in this respect and its habit; but its pods are s<!pticidal. 

Distrlimtlon.— A considerable group, gem^rally diflusiHl; most abundant 
in Eun)p>!, N. America, and X. Asia. 

Qualities and Uses. —^More or les^ poisonous, with acrid, purgative, 
em<-tic, and sometimes narcotic action; several of the more active species 
yield valuable medicines. Of Cdehiewm antummtle, called Meadow Saf¬ 
fron or .'\ntuinn Crroms, both the conns and seeds are very active; Vera- 
trum alhiim, White Hellebore, V. nii/rum, V, Sahadil/a, P, niride (N. Ame¬ 
rica), Asagreea affirinidis (Sabadilla or Cevadilla of Mc.vico), all share the 
acrid narcotic qualities, poisonous or medicinal, according to the <lose. 
Most of the other genera are suspicious or dangerous, except perhaps 
the UBuUariee (N. America), which are said to be merely astringent 


Obdek CXLV. JUNCACEiE. Rushes. 

Class. Coronariero, Endl. Ml. Juncales, Lindl. Coh. Liliales, 
Eitith. ft Hook. 

507. Ehgnosis. —Orass-like or sedgy herlis, with fibrous roots, or a 
subterraneous rhizome, with jointed stems, often capitate inflorescence, 
and a regulai' persistent perianth of 0 similar scale-like pieces (fig. 422); 
stamens (S, or rarely .*1, with introrse anthers; ovary 1-3-celled, producing 
a .3-vnl ved, fi- or many-seeded, qg sometimes a 1 -celled and, by suppression, 
1 -seeded capsule ; embryo minute, in fleshy or horny olbunteiL 

Illustbativk Gkneha. 

Luzula, DC. I Jimcns, DC. | Narthecium, Mahr. ■ 
AfflnltlM. —^With Juncacese are included Iqr Lindley a number of 
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ffenera which are regarded as doubtful, or established as separate Orders 
by some ■writeia, such as Aetelieo’, a group of woolly-leaved epiphytic 
plants of the southern hemisphere, and Kiugiea, plants with a stem like 
Xanthurrhaa end a 1-seeded fruit, and some others. The ^enus Jtmeus 
(Hush) relates the Order to liliacese, from which the chief diiiei'enc^ lies 
in the habit, the small emhrj'o, and the gluuioid character of the seg¬ 
ments of both circles of the perianth; XaHhtehm connects them; from 
Xyridace® the latter character di\ides them. Xeralea approaches the 
Palms in the character of the ilowei’S; and this is associated with Kingia, 
which has an arboresin'ut habit. The scaly perianth connects them with 
Cyperacem, llitstiacete standing between and dillerijig from the JuncaceiB 
in trifling points wliich will be noted under that Order. 

Distribution.—A Considerable group, the members of which are natives 
chiefly of cold or temperate regions; some occur in tropical Australia. 

Qualities and Uses.—Without important properties in moat cases. Tho 
leaves of Hushes (species of Jimurus) ai'e hugely used for making mats, 
chair-bottouis, &c.; and the pimmchyma or “pith’’ of the cylindrical leaves 
and stems was much used until recently for making the wicka of rash- 
lights ; this siilrstance has a beautiful microscopic structure, being formed 
of regular stellatu cells. 

(XyiUDACKiE are seilge-like herbs with cqiiitant leaves sheathing tho 
base of a naked scape, w'hich is terminated by u head of perfect 3-androus 
flowers, with a glumoccouscalyx, a regular corolla, and extrorse anthers; 
the .‘{-valved, mostly 1-ctilled capsule containing several or many ortho- 
tropous seeds, with a minute embtf o at the apex of fleshy albumen. In 
habit these plants approach the Clluniaceous Orders, os Cypcroccai; but 
the flowers aie iHitaloid as regiuds the inner circle of organs, or coroUa, 
nearly approaching Commelynaceai, from which they uifl'er in having 
epipetalous extrorsis stamens, in the scaly calyx, and general habit. They 
are natives of the tropics or adjoining regions. Various species of Xgrig 
are used as remedies lor cutaneous aflections both in India and America.) 


Obder CXLVI. COMMELYNACEiE. ‘Spideb-wobts. 

C/agg. Enantiohlastoe, JStitil. All. Xy-ridnlcs, Lindl. Colt, Commelvnales, 
JHeufh. el ^odk. 

608. Dtagnmig .—Herbs with fibrous, sometimes thickened roots, jointed 
and often branching leafy stems, imd chiefly perfect and (S-audrous, often 
irregular flowers, with the perianth free from the 2-3-celled ovary, and 
havmg a distinct green calyx and a coloured corolla, each of 3 parts, the 
calyx persistent; stamens 0, all fertile or some abortive, often very' peculiar 
in form; capsule 2-3-celled; seeds few (g) in a cell, attached by a linear 
hilum; embryo pulley-shaped, remote from the hilum, in dense fleshy 
albumen. 

Illestbativk Geneba. 

Commelyna, LiU. | Tradescantia, X. 

AlBnitlai, Be, — ^This Order, to which belongs the gorden Spider-wort 
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( TradescatUia virphiica), may be regarded iw one of the ^upn intermediate 
tetween the Orders ■with O-merous glumoid perianth, like the Juncacete, 
am the petaloid forms like Liliacew. The jointed solid stems of Tra- 
descantia are interesting in regard to the cut^aratire structure of Mono- 
cotyledonous stems; they omit roots freely from the nodes like Qrasses. 
The hairs of the filaments of the stamens'of TV. virginka are classic ob- 
|ccts to the botanist, from the discoTcry in them of the rotation of the 
cell-sap in non-nquatie plants. The rhizomes of Comnu/yna rwkttin, tubc- 
rota, and others contain starch and mucilage, and are used n$ f(X)d in 
India. Some of the species are said to have medicinal properties. Tliey 
are natives of India, .\ustralia, Africa, and the West Indies—a fe-«r of 
North America. Tradexcantia virginica is hardy in oifr gardens. 


(PoNTEDEKACJ!-® are a small Order of aqimtic herbs ■with perfect 
more or less irregular flowers in a spnthe; the petaloid, (S-merous 

S erianth free from the 3-celied oraiy» the S or (i mostly unequal or 
issimilar stamens inserted in its throat. They are separated from 
Liliacem chiefly by the irregular flowers, the persistent perianth rolling 
inwards after flowering, and by the mealy albumen of their seeds. They 
are natives of America, North and South India, and Africa, and do not 
appear to have any important properties. Some of the Ihufederiee are 
iiaually grown in stoves where there is a tank, on account of their blue or 
yHlow flowers.) 


(Mavaceae consist of four species^of Magaca, little Moss-like plants 
occurring in America, from Prazii to Virrinia, separateil from Coinme- 
lynaccie on account of their habit, 1-celled anthers, 1-celled ovary with 
parietal placentas, and the carpels opposite the inner lobes (petals) of the 
perianth ; they have no useful properties.) 


(GiLEiESiACEiE are a small Order of plants of somewhat anomiilons 
structure, related to Liliacem; they are bulbous herbs with spikes of 
flowers which have a double circle of petaloid envelopes, 0 or 8 subulate 
processes, then a cup-like or labclloid o^an bearing 3 or U anthers on its 
inner surface, and a 3-celled ovary. Lindley regards the petaloid enve¬ 
lopes and subulate processes all as' liracts, and the structure on which the 
anthers are borne ns the perianth. Other authors are opposed to this view. 
GUlieria, Lindl., and Miersia, Lin^., are both Chilian ^mera.) 

(pHii.YimACEiE are herbs -with fibrous roots, ensiforra leaves ■with 
equitont bases; flowers in a persistent spathaceous bract,-without a calj-x, 
but writh aV-mtalous corolla; 3 coherent stamens, of which the 2 Intend 
are barren and petaloid, and the middle has a 2-celled anther, the whole 
adherent to the anterior lobe of the*perianth; the ovary superior, 3-ci‘lled, 
with axile placentas; seeds numerous, with an embryo in the axis of 
fleshy albumen. This Order consists of two plants, PhUydrum lamigino- 
tum (Australia) and (China), exhibiting,-with aswerior 

ovi^, appearances analogous to those in the epkynous group of Orchi- 
iSLCW and their allies. Lindley regards them os related to Commelynacem 
a^’^Xyridaceee; but they wotud appear to be rather a kind of pengynous 
^Dgilietaceffi. They have no kno-wn uses.) 
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Oeder CXLVII. ORCHIDACE^. Orchids. 

CUm. Gynandiffi, Eudl. AU. Orchidales, lAniU. Coh. AmomalM, 
Benth. et Hook. 

509. Diagnosis. —^Herbs, distinguished by their irregular flowers; 
O-mcrous perianth adherent to the ovary; stamen (1, or very rarely 
2 ) gynandrous, pollen cohering in waxy or mealy masses; ovary 
inferior, placenta^ parietal. 

CharaeUr. 

Periunth mostly pctnloid, adherent, in two circles ; the outer circle 
of three pieces (sepals), distinct or more or less coherent below, 
two lateral and one anterior (or posterior when the ovary is 
twisted); the inner circle of three pieces (pebtls), or rarely one, 
alternate with the sepals, two lateral, and one (the lahdlum) pos¬ 
terior (or, by the twisting of the ovur}', anterior) (figs. 435 & 436), 
usually longer and larger than the others, variously formed, with 


Fig. 430. 



Ei«- 4S5. Elowa of Onkit, and 

Fir. 4SA. Diagrnm of ditto; a, a, a, aepaU; S, b, peiaU; S’, lalHiUnm i b", Bpur. 
Fig. 437. Clarate poUun-maM and oaumcle of OreUi. 


or without appendages, sometimes divided into 3 K^ons by con¬ 
tractions, forming hypoehilium (at the base), mesochilium, and ^i- 
cJbilium; free, or more or less adherent to the column. 

Stamens gynandrous, the filaments confluent with the style into a 
column, bearing mostly 1 perfect anther on the side turned away 
from the labellum, with 2 lateral processes (abortive anthers), or, 
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rarely, 2 perfect lateral anthers with an abortive process next |^e 
odd sepal; the pollen, pulverulent, or in grains, more or loss cohe¬ 
rent, or in definite waxy masses which are free or provided with 
a pedicel or eavdicle (fig. 4<‘i7), which adheres to a ghiud or glands 
at the apex or rostoUuin of the stigma. 

Ovary inferior, 1-collod, with 3 double parietal placentas bearing 
numewous anatropous ovules; style 1, confluent with the filaments 
into the column, which is surmounted by a S-merons, muoons, dis¬ 
coid stiyma facing the labellum, its lobes alternating with the 
lines of plaoontation; the lateral lobes usually abortive, but some¬ 
times forming divergent proeeases, the odd lobe more or less 
developed into a beak (rostellum) bearing 1 or 2 glands. 

JVwit mostly a capsule bursting by 3 valves, bearing the placentas in 
the middle, 8oi)arating from the midribs of the carpels, which re¬ 
main as an open framework; rarely a fleshy indchiscent pod; seeds 
very numerous and extremely small, consisting of a cellular nucleus 
without distinct radicle or plumule, enclosed in a loose membranous 
or rarely crustaceous testa. 


if^xis, Stas, 
Dendrubium, Sws. 
Kpidtmdmm, L. 
Cattluya, LiiuU. 
Vanda, It. Br. 
Phalionopsis, Bl. 


I1.LU8TRATIVK Geneha. 

Aerides, Lmvr. 

Gnoidinm, Sun. 
Odontoglossnm, H.B.K. 
Stanhopua, Frott. 
Maxillaria, FI. Per. 
Catasotum, £tcA. 


Orchis, L. 


Ophrys, 


Swz. 


Vanilla, Sw. 
Epipactis, MaBer. 
Cypripedium, L. 


Afflnitlei; —The comparative anatomy of this very extensive and curious 
Order forms one of the most interesting subjects in botanical Morpholc^y. 
In the greater part of the p^enera the ideal Monocotyledonous type is 
departed from in several particulars, as:—in a more or less considerable 
irregularity of the perianth, especially in the condition of the labellum ; 
in the circumstance that the filaments are confounded with the style into 
a centi’al organ, prolonged from the inferior ovary, called the column, and 
that generally 2 out of (at least) 3 anthers are abortive, while the pollen 
is frei^uently less developed than usual, the process of subdivision into 
distinct cells* or granules being arrested, so that it rem^s in compound 
masses of various degrees of magnitude and of more or less firm and even 
waxy consistence. In some coses, however, the perianth is almost 
regular, so as to resemble that of some of the genera of Iridocese; and in 
Cypripedium wo find 2 anthers developed and only 1 abortive. Among 
the other remarkable peculiarities of the structure are processes of various 
kinds ocemring upon the column and labellum, which there is reason to 
regard as indications of abortions of staminal organs. These have given 
rise to the opinion that the elements of 2 circles of stamens exist in this' 
Order, of which 6 are usually suppressed, the perfect one belonging to an 
external circle of 3, while in Cy^pedxum the 2 which are developed are 
members of the inner circle of 3, one of which, with the entire outer 
circle, is abortive. This view is supported by nomerous exce^onal 
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instances, in -which sctme or all of the ordinarily suppressed stamens are 
present, and by the anatomical construction, which reveals the existence 
of as many bundles of voscidar tissue in the column and ovary as there 
are stamens and carpels. The suppression of 2 out of 3 stamens connects 
this Order -with Marantace® and Zingiberacea^, where the some pheno¬ 
menon exists in a diderent modification, as mentioned under those Orders; 
the Apostasiaceie have 2 stamens only, -with their filaments adhering to 
the lower part of the style. The ovaiy is appawntly formed of 3 caqiels, 
-with the stigmas simple^, since they alternate -with the plactmtas: Lindley 
supposes the ovary to be formed of (i carpels, 3 fertile and 3 barren; but 
this seems contrary to analogy and without sufficient independent sup¬ 
port; in Apostasiiiaere, Uarautaceie, and Zingilieraceaj the ovary is .3- 
celled, or sometimes inip<!rfectly so in the last, from the maqrins not 
meeting in tlie centre. The seeds, which an; very minute, are qf simple 
organization ; the ovules, at the time of fertilization, consist solely of an 
embryo-sac with 2 integuments; and the ripe seed presents on embryo 
devoid of distinct organs (cotyledon and radicle), endostjd in a loose 
testa—in this respect exhibiting a relationship to Bunuouniaceie. 

The labelliim sometimes exhibits irritability, moving spontaneously or ' 
when touched (MeffafUiimm, BoUmphyUtim, &c.): its forms are most varied 
and strange, often causing the entire flower to resemble an insect or 
some other living object. The rostellnm and stalk of the pollen-masses 
are also endowed -with contractile properties. In Catasetum these are ft 
powerful as to cause the sudden forcibl(> ejtxrtion of the pollen-masses 
iroui the anther-cells, when the rostelluiu or other sensitive organ is 
touched, as by the proboscis of an insect, insrrets visiting orchid flowers, 
for the sake of the honev in the spur or nectary, come into contact with 
the rostellnm, and thus liberate the pollen-mosses. -These latter adhere 
fii-nily to the insect’s back by means of the gland at the end of the stalk, 
so that the pollen-mass is conveyed to another flower. It must, how¬ 
ever, be remarked that if the polleii-mass retained the nearly vertical direc¬ 
tion it had on its exit from tlie anther, it would, when introduced by the 
insect into another flower, strike against the anther, and not against the 
stigma. In order to place the millen in such a position that it shall 
impinge on the stigma, the caudido ox stalk of the poUen-mass contracts 
so as to give the pollen-moss the requisite horizontal direction. This 
movement can readily be seen by thrusting the point of a pencil into a 
flower agaimst the mstellum, when the pouen-mosses -will adhere to Ae 
pencil, and may he withdrawn'from the anther-case, and, if -wqitehed, will 
be seen to bend downwards, in the manner just described, immediately 
after their removal from the anther. These movements will be again 
alluded to in the physiological portion of this work. 

Two extremely distinct forms of the perianth sometimes present them¬ 
selves on the same flower-spike, so that the same spedes has received two 
spedfic titles, and even three distinct generic names:—e. g., Mmmehan- 
thm, Myonthua, and Catasetum, now all included in the last named genus, 
and Cycmches ventricosum and Egertoniamm, now known to be forms ol 
one and the same spedes. This was considered a most anomalous circum- 
s^ce till it was shown by Darwin that the different forma represtmted 
difierent sexes, the male flowers being different from the femme. The 
Orchidacee are terrestrial in temperate climates, forming subterraneous 
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tubers (§ 49)or tuberoosly enlarged fibrous roots, from which the flowering- 
stem shoots up afresh every season. In warm and moist climates they are 
very frequently epiphytic, hanging on the branches of trees, or even 
attaching themselves to rocks and other foreign objects. These kinds 
generally form some kind of stem-tuber, either from the lower intemodes 
of the axis which has just flowered, or of a now axis, sometimes from the 
whole of the internudes of a long jointed leafy axis, &c. The roots which 
hang down from them are soft and delicate at the apex; and the epi¬ 
thelial cells eishibit spiral-fibrous thickening of a pecuUar Mud. 

Dlstrtbatlon.—Orchids are very numerous, and occur in almost all parts 
of the globe, except the very coldest, or in very dry regions. In temperate 
climates they occur chiefly in shady woods, damp postures, or open cal¬ 
careous downs; but they'are most abundant in damp situations in the 
tropic^ 

Qualities and Uses. —The properties of these plants are generally un¬ 
important The subterranean tubers of some form nutritious food, frova. 
the presence • of a' gummy substance: that of a native species. Orchis 
tnascula, was formerly collected and sold for the preparation of tSalcp; and 
other Mnds are eaten in India. Some of the South-American yield a kind 
of vegetable glue; Apleetrum hyemak, the North-American l*utty-root, is 
used for making a cement for china. The most important plants, perhaps, 
are VaniUa pUmifolia and other species, and a species of Sobralia, the 
dried pulpy pods of wMch furnish the Vanilla used for flavouring choco¬ 
late and confectionary. A few others are described as having medicinal 
proptirties of various kinds. 

(Apostasiace.® is a small Order of perennial herbs nearly related to 
Orcliidacem, bearing a regular perianth and 2 or 3 stamens which are con¬ 
fluent by their filaments with the lower part of the style (the anthers 
free), forming a Miid of column, prolonged above into a filiform process 
with a 3-Iobed stigma; ovary 3-cmled, with axile mony-sceded placentas; 
seeds apparently os in Otchid^eie. These plants difler from Orchids chiefly 
in the free condition of the upper part of the style, and the .S-celled ovary; 
but as the latter character is inconstant in some Mouocotyludouous Orders, 
probably this Order should be united with Orcbidacese: they are near to 
Burmanniacete also; but that Order has free stamens. Lindley regards 
this Order as connecting Orchidacm with Amoryllidaceie througn Hypox- 
idaceas. They are natives of damp woods in tropical India, and are 
without known properties. Genera: Apostasia, BL, See.). 

(BunMAimTACRiE are small annual herbs, often with minute and scale¬ 
like leaves, or those near the root grass-like; the flowers perfect, with a 6- 
cleft petaloid perianth, the tube of which adheres to the 1-celled or 3- 
celled ovary; stamens >3, distinct, introrso, and opposite the inner segments 
of the perianth, or 6 and extrorsT; stigmas 3; capsule many-seeded ; the 
seeds veryminute, with a homogeneous nucleus in a loose membranous testa. 
Natives of the tropics of America, Africa, and Asia. Some are probably para- 
siticaL ^ The affinities of these plants ore rather obscure; they apparently 
agree with Iridaceae in the character of the flowers, but difler in tue posi¬ 
tion and number of the stamens; while, by the seeds resembling those of 
Orcbidacese, they form a connectmg link between these two Orders. They 
ua aaid to be bitter and astringent, but are unimportant in these re¬ 
spects. Genera: Burmamia, L.; Thitmia, Griff., &c.) 
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OkdebCXLVIII. ZINGIBERACEiE. The Ginoeb Obdee. 

Clasg. ScitaminesB, EnM. All. Amomales, Zindl. Coh. Amomales, 
Eenth. et Hook, 

610. Diagnosis. —^Herbaceous plants with a creeping rhizome; 
loaves broad, with a sheatluiig petiole, and numerous^parallel veins 
diverging from a midrib; flowers spiked or racemose, with spatha- 
ccous mcmbranoi^p bracts; perianth adherent, irregular, in three 
circles -of three parts, one petal being larger in each of the two inner 
cii'cles; stamens 3, distinct, 2 abortive, and the fertile one posterior, 
opiwsite the labellum or lai’go segment of the innermost perianthial 
whorl: anther 2-cellod; ovary 3-cellcd, or with the dissepiments 
imperfect; seeds numerous, with the embryo in a sac (yiteUm) within 

the albumen. 

•* 

Ilhistbative Geneba. 

Zingiber, Qe-rtn, Iledycbium, Koemg. I C(Mtus, L. 

Amomum, L. Alpiuia, L. | 

Affinities.—^This Order is nearly related to Mnrantaccae, Orchidacea), and 
the allied Orders, but may always be distinguished by the only fertile 
• stamen being sittiated next the axis (posterior), not next the bract (an¬ 
terior) as it is in Orchidaceaj (before the ovaiy becomes twisted), or 
lateml as it is in Marantaceas; the ovary is usnally S-celled, like that of 
Marautaceic, but the embryo is contained in a special sac or vitullus, 
which is not present in the seeds of either Marants or Orchids. 

Distrilmtion.—A large Order, consisting mostly of tropical plants; the 
greater port Eaat-Indian, but a few occuning in America, in Alrica, and 
in Japan. 

QuaUtles and Uses. —Itemarkablo fur the pleasant aromatic and stimu¬ 
lant qualities of the rhizomes and the seeds of many kinds; some ore 
astringent, many yield starch, and some colouring-matters. 

Ginger is the rhizome of Zingiber officinale : preserved ringer is made 
from the younger parts of the rhizomes.' Cardamom seeds are obtained 
from Atnomwm ■Cardamumutn (Hound Cardamoms), A. angtistiftdium 
(Madagascar Cardamoms), A. maxmunf, A, armnaticuni, JElettarid major 
(Ceylon),and.B. C’orrfffmo«»«w(Malabar). Turmeric consists of the yellow- 
coloured rhizomes of Vurenma longu; the stai-ehy rhizomes of some East- 
Indian species of Vuretmia famish Arrow-root. Golangale-root, which 
has projierties resembling those of Ginger, consists of the rhizomes of 
Alpiniu Gttlanga and racitnosa ; Zedoaiy, of those of Curcuma Zedoaria 
and Zerumbet. Amotnmn Grana Faradisi yields the Grains of Paradise, 
used os stimulants, and also for giving pungency to sprits and beer. 
Many of the species have ve^ beautiful blossoms, and are cultivated in 
stoves on that account. The bright colouring is found sometimes in the 
bracts, sometimes in the perianth, as in Hedychium cortmarium. 
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Okdeh CXLIX. MARANTACEJS. The Areow-boot 
Order. 

CUm. Scitaminefo, Endl. All, Amomnles, lAndl. Cok. Amoiualus, 
Bntth. (t Hook. 

611. Dlfiffnom. —^Herbaceous ]>lanta with creeping rhizomes, n;- 
Bcmhling Ziffgiberacca) in habit, but with the pcjianth more irre¬ 
gular, and the inner BCgmoiits often abortive; the 3 stamens peta- 
loid, 2 barren, and 1 lateral fertile 2-lobed, with a 1- (2 ?)-celled 
anther on one of its lobes; ovurj'inferior, 1-3-celled, with numerous 
albuminous seeds ; embrjo not enclosed in any speeiol sac. 

iLLusTBATnrE Genera. 

Maranta, Hmn. | Ganna, L. 

AfSnities.—^The afGnities are those of Zingibi'rnccK!, from which this 
Order is separated by the place of its fertile stamen (lateral) and by the 
absence of a viteUus or special sac round the embryo. If wo assume the 
Orchidaceie, as meutioued under that Order, to have the mdimenls of a 
double series of stamens, the relations of Orehidacea;, Zingiheraccre, and 
MarantoceiB are very close, and yet their distinctions very clear (fig. 438). 


1%. 438. 



Dingroms of the fiowera of Karantare» (M), Zingibitrtiot’fc (Z), and Orehidaroie (O). Tlir 
BDiall 0]>cn eirdea art> fortih' stmuoia; <h» blmh dote alK>rtivc Btamnna; the block doUi 
vith th« brood line scored through art* iHitudoid stomeuB. 

Orehtdaceai, with a double perianth, and two circles of stamens, have 
the anterior stamen (belonging to the outer ciixilo) developed, the rest 
abortive, or present in the Ibrm of horns, ridgtis, &c. (O); or, in CS/p»V- 
pedUtm, thev have the 2 lateitd stamens of the inner cMe developed, the 
anterior and all tho.<)e of the outer circle abortive. ^ 

Ztngiberacrfp, with a double perianth, have the oilier circle of stamens 
petaluid forming a third perionthial circle, the odd (fOSt^rior) stamen 
of.the inner circle developed, the 2 lateral abortive (Z). 

Jfarvmtacea, with a double perianth, have the outer circle of stamens 
■IBore or less developed in a petaloid form, as a third perianthial circle, and 
jtfhe lateral stamen of the inner cirde fertile—^the other lat<mil stamen, with 
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tlie posterior one, being abortive (M). Dr. Dickie has lately shown that 
the anther of Ctmma is in reality 2-celled. 

Dtstributioii.—The species are numerous, and natives cbieSy of tropical 
America, Africa, and Jmdia. 

QnaUtfes ond Uses.—-The abundance of pure starch furnished by the 
rhbcomes of many species constitutes the principal feature of the Maran* 
tacese considcuvd from an economical point of view. True Arrow-root is 
obtained from arundinacea, AJhuyia, KtA uobilui (West Indiea), 

and M. rmnomsinui (East Indies). Tous-les-Mois is deriv^ tom species 
of CV/ww, probably C. coccinea, Aehiras, erlulit, &c. Canna incKca is called 
“ Indian shot ’’ tom its beautifully spherical seeds. Some of the spemes 
are cultivated in our idoves. Mimy of the species of Ceduthea and Maraida 
have beautifully coloured foliage. 


Okdek cl. MTJSACJK.^. Baxanas. 

CUm. Seitaminem, EnM. All. Amomales, LmdL , Coh. Amomales, 
Jleidh, et Hook. 

512. IHuntuisui .—Large herbaceous plants with long sheathing petioles* 
forming a spmious stem; leaves hu-gc, with a strong midrib and parallel 
lateral veins ; flowers enclosed in a spathe, hei-maphrodito; pcriantli more 
or less iiTegidor, adherent, petaloid, in two S-merous rows; stamens 0, on 
tlie segments of tlie perianth, some always abortive; anthei-s 2-celled} 
ovaiy ;i-celled, many-seeded, or rarely 3-soeded : fruit a capsule or suc¬ 
culent and indchiscent; emluyo at the end of albumen. 

llXUSTliATIVK GeNKBA. 

Ilelicouia, L, \ Musa, Tount^. | Strolitzia, lianks. \ Bavenala, Adana, 

AfBnltles.—Witli certain well-marked dillerences, these plants approach 
iu some degree to the Murontaceae and Zingiberacese in habit, espttcially 
in the chai-acter of the foliage, but the Musacem have 5 or 0 more or leas 
perfect stamens and no staminodes; from the Amaryllidacete, which they 
resemble in the epigyuous hexondrous structm^;, they (lifter in the ir¬ 
regular flowers, the general habit, and the character of the bracts or 
sjNtthes. 0 

Distribution.—A small Order, the species of which are generally dif¬ 
fused, wild or in culture, in the plauis of tlie tropics, Cape of Good 
Hope, &c. 

Qu^ttes and Uses.—These plants ore most valuable as sooioes of food and 
fibrous materials Musa paradimtea, the Plantain, and Musa sapieaium, 
the Dauana, ara plants bearing gigantic leaves on long petioles, the im¬ 
bricated sbeaths of which form a pseudo-stem many feet high. They 
produce Imge clusters of pulpy fruit containing much sugar and starch, 
which form a very important f^cle of food in the tropics. Several other 
species of Musa yield similar fruits. The leaves are it^d for thatching 
huts, or split up for plaited work of all kinds. The filto of the petioles 
is a valuable material, especudly that of Musa textSis, which is known as 
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Manilla Hemp. The young shoots are also eaten boiled. Mavemla 
gpeniom has an edible seed : n quantity of watery juice exudes from its 
petioles when cut, whence it has been called Arbre du vot/offeur, _ Stre- 
litzia is a genus with veiy handsome flowers, several species of which, as 
also of Muta, arc often cultivated in stoves. 


Order CLI. AMARYLLIDACEiE. Amaryllids. 

Class. Ensatie, Hudl. Ail-. Narcissoles, Idn^. Coih. Iridoles, Berfth. et 

Hook, I 


51.3. Dkgnom .—Chiefly bulbous and scape-bearing herbs, not 
BcurfS" or woolly, with linear flat root-leaves, and perfect, regular (or 
nearly so), O-androua flowers; perianth pctaloid, C-parted, its tube 
adherent to the 3-eoUed ovaiy^; the segments of the limb imbricated 
in snstivation; antlicrs introrsc; fruit a Ji-valved, loculicidal capsule 
or a 1-3-secdcd berry; seeds with fleshy or homy albumen; radicle 
turned to the lulam. 

Ii^usthative GEirEnA. 


Tiibe 1. AMAnYLUEiE. Bulbous 
plants, wUhoul a eoro)u4. 

Galanthus, L. 

Amaryllis, Z. 

Tribe 2. Naiicissk.^. Bulbmts 
plants, with a coronet in the perianth. 
Pancratium, Z. 

Narcissus, Z. 

Tribe 3. Ai-STB(BMKBn?iE. ZV- 


broHs-r noted; sejuds unlike the petals; 
no coronet. 

Alstroeineria, Z. 

Tribe 4. Aoavkas. Mbrmui-root- 
ed; sepalsnndfwtaU alike, valuate in 
eestieation; no coronet. 

Agave, Z. 

Pourcroya, Vent. 


AfBnitlei.— ^This epig 3 mous Order contrasts vrith the hypogynons Tali- 
acom; among its epigynous alli(«, Iridaceas are distinguished by their .3 
stamens and extrorse anthers: its nearest allies are Ilfemodoracem and 
and Hypoxidacem, the characters of which are given below. The coronet 
of the Nareissem is sometimes regarded as a cirdo of abortive stamens, 
but is more probably on outgrowth from the tnbe of the perianth. 

Distribution.—^ large Order, the species of which are generally diffused, 
but, like Iridacem,have their maximmn at the Cape of Good Hope. The 
Narcissew are common- in Europe, while the genera unprovideil with a 
coronet arc very rare in Europe and North America, but abound in South 
A&ica. 

QuaUHes and TTsea. —^The Amaryllidacete are commonly characterized 
by active properties, the AnmryUem and the Narcisseee ei^cially T)eing 
emetic and purgative, and even poisonous; the juice of the bulb of 
Jlamm^us tojeicarim is used by the Hottentots to poison arrows. 
The f^w-drop (Galanthus mvali^, Snow-flake (Leueqjum venvum), the 
Da^bml (narcissus Pseudo-Ndnissus), with the other cultivated Narcissi, 
Bdneratiwm maritimum, &c. act as emetics. Others are astringent j hut 
standi is washed from the roots of some species of Alstroemeria. The 
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Agaves are exceedingly valuable plants, having abundant innocuous sac¬ 
charine sap, and large leaves containing excellent fibre. Agave ameriemm, 
called by mistake the American Aloe, is the Hundred-years plant J but 
the statement that it lives 100 years before flowering is fabulous: it is 
a native of America, but is natumlized in some parts of 3. Europe, and is 
planted, on account of its large spiny leaves, to form fences. Erom this 
and other species is obtained Pita thread, a valuable fibre; I’idque (a 
lermeuted liquor) and a brandy distilled from this are made by cutting 
the buds out of Al</are-plauts and collecting the sap, which exudes in great 
abundance when this operation is perfonued just before the flowering 
stem is pm<hed out^ these plants ore also called Maguey-plants. This 
Order afiorda a number, of beautiflil flowers, more permanent than Irida- 
cew, and often attaining a very largo size. Most of them are annual 
flowerers; but the Agavete, having remarkable foliage, like that of the 
AJoes in Liliocea^, pnaluce flowering stems (sometimes many feet in 
height) after vegetoting fur a number of years, whence the story of the 
Hundred-years Aloe. Stembergia luiea is supposed to be the Ldy of the 
fields referred to by Cluist. 

(IlYPOxiDACKiE are a small Order of epigynous Monocotyledons, nearly 
related to Aimuyllidaceie, but difiering u| their habit, having hairy 
foliage and no bulbs, and in their usually strophiolate seeds having the 
radicle next the hiliim. The 6 stamens, the imbricated, distinctly petaioid 
perianth, and the habit of the foliage separate them from Iridaceo!. They 
occur scattered in the warmer parts of the globe, and are apparently more 
or less bitter and aromatic. The tubers of some ore eaten. Genera: Cur- 
ailigo, Gtertn.; Furbem, Eckl.; Uypoxis, L.; Sauridia, Harv.) 

(llASMononACEAS arc herbs with fibrous roots, usually equitant leaves, 
and perfect IMl-androus regular flowers, which are woolly or scurfy 
outiddu; the tube of the 0-parted perianth adherent to the whole surface, 
or merely to the lower part of the :l-celled ovary; anthers introrse; sta¬ 
mens opposite the petals when 3; seeds with cartilaginous albumen; 
radicle remote Irfim the hilum. llie structure of the genera included in 
this Order is rather irregular: from Amaiyllidaceie they are usually 
distinguished by the woolly tubidar perianth, the eq^uitant leaves, and, in 
some cases, by the 3 stamens; but none of these characters are without 
exception: torn Iridacew the triandrous genera difter in tiie stamens 
being introrse and opposite the petals, whmh last chai|tcteT also separates 
them from Itypoxidacea). _ The radicle^ is said to be remote from the 
hilum, as in Hypo-xids ; while it is next it in Amaiyllids and Irids. The 
VeUmee and Barbaoeaue are more or less arborescent, and in some degree 
branched, especiallv the former; which have a very remarkable aspect; 
in many respects tney approach Bromeliads. The plants are natives of 
America, the Gape, and Austi^ia, and have sometimes bitter and astrin¬ 
gent properties, as AMris farinusa. The roots often contain a red matter 
available as a dye, whence the name of lilood-roota; Lachmidhes tmetoria 
is used in America. The roots of several species of Htemodorum are eaten, 
roasted, by the natives of Australia. Genera: Heemodorum, Sm.; AMris, 
L.; VeUoda, Mart.; Barbacema, Vandelli.) 
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Obdeb CLII. IRIDACE^. The Flag Obbeb. 

Class. EnsatiO, Utidl. AH. Narcisaales, Lhull. Coh. Iiidalcs, Bentlt. et 

Hook. 

514. Diagnosis .—^Horhs with bulbs, conns, or rhizomes, cquitant 
2-rankc(l leaves, and perfect, regular or irregular flowers; the seg¬ 
ments of the 6-parted petuluid perianth (fig. 4110) convolute in the hud 
in 2 cii-clcs; the tube adherent to the 3-cellod, ovary; stamens 3, 


Fiiv. 4:«). Fig. 440. 



Fif;. 189. Tortical Region of the flowf'r of Triit : a, iuf«‘rior ovuiy. 

4'I0. Hti^miun of Cntea*. 

Fig. 441. Fruit of Iri» bui^. 

Fig. 412. Plan of ditto. 

Fig. 448. 8i>Gtioii of seed cd* im. 

distinct or monadclphous; anthers extrorsc; style 1; stigmas 3 
(fig. 440), often petaloid (Iris); capsule 3-vdved, looidicidai (figs. 
441 & 4^); seeds with homy or hard fleshy albumen (fig. 443). 

iLLUSTnATTVE GeNEHA. 

Ins, X. Gladiolus, Tumtwf. Crocus, Toumef. 

Tigriilia, Juss. Ixia, L. 

Afflnltiea.—^Among the epigynous petaloid Monocotyledons, the Iri- 
dacera approach, by genera like Crocus, the Amaryllidocem, which, how¬ 
ever, have fl introrse stamens. The same character separates the epigynous 
Brom^aceSB, which have some afiinity with this family; Orchidacero 
di^ in the gynandrous structure; Marantacero and Zingiberaceie in their 
Inonandrous state, ns also in the character of their folioge. The little 
lOideT Buimanniacem resemhlos Iridacem in many paiticulms, but difibrs 
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in someesauntial points mentioned under that Order; and this is the case 
also with XyridacesB. 

Dlstribntlon. —A large Order, diffused throughout temperate and warm 
climates, but especially abundant at the Capo of Good Hope. 

QTuOltloB and Uses.—^The sap of many or these plants is more or less 
aifrid, pui^ntive, or emetic, as tiiat of the Flags (Iris) generally, Ferraria, 
Sistfrinchimn, &c. Saffron consists of the stigmas of the Saffron Crocus 
( C. mtivus) and of C. oiUtnts (Sicily). Orris-root, used in perfumery, is the 
rhizome of Iris forenfimt. . The genera of this Order contribute a large 
sham to onr collections of garden-bulbs, as will be recognized from the 
plants alntady nnnn^ ; they are more remarkable for their beautiful hut 
transumt flowers than for any useful quality; the corms and rhizomes of 
some ore said to be; eaten, on nceount of tne starch they contmn, by the 
liottcntots and other races. 


Ordek CLIII. BROMELIACEjE. The Pine-apple 
OUUEU. 

Class. Ensatm, EiaU. All. Narcissalos, Idndl. Coh. Iridales P, 

Venth. etHook.^ 

515. Eiaijnosis .—1 lerlis (or scarcely woody plant^, nearly all tropical, 
the gii'ater part epi]>liyieH, with persistent diy or fleshy and channelled 
crowded leaves, sheatliiiig at the bases, usually covered or btmded with 
scurfy scales; perianth free or adiierent, in two* candes, the ouUsr (sepals) 
often enherent, and differently coloiued from the inner (petals), which 
a,w distinct and imbricated; stamens 0; ovary 3-cclled, with numerous- 
ovules on a.\ile placentas; style single; stigma 3-lobed or entire, often 
twisted; seeds nnmi'rous, with a minute embryo in the base of mealy 
albumen; the radicle next the, hilum. 

InLiPSTUATryB Gknkba. 

Ananassn, Idmll. jEchmea, If. ^ P, Pitcaimia, Hirit. 

Ittomolin, L. Billbergia, Thunh. Tillandsia, L. 

Affinities. —Among the Bromoliacem_ arc found both epigynous and 
hypogynous genera, as well as forms with a partially adherent perianth; 
oil tile whole, the tendency is to the former condition, whence the Order 
must be regarded as an ally of Araaryilidacesc, from which it differs in 
habit and in the mealy albumen; from Tridacem it differs in tiiese parti¬ 
culars and in the fi-androus stamens, while the style and stigma are 
somewhat similar. The character of the habit, and *the often distinctly 
characterized calyx and corolla, offer a resemblance to Hydrocharidiuje®, 
which, however, have exalbuminous seeds. The fruit vanes much in this 
Order, being commonly capsular; but in Ananassa the entire spike of 
inflorescence, together with the t^m, becomes blended into a succulent 
sorosis (§ 290), the well-known Pine-apple. The scurfy epidermis of the^ 
leaves displays a very interesting microscopic structure. 

Distrlbutloii. —A considerable group, the members of which arc, for the 
most part, natives of tropical America; but some are now naturalized in 
West Africa and the East Indies. 
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QnaUtlM and TTms. —Chiefly important for the fruit of Anrniatm, fibres, 
colonring-matters, and other economic products. Bromdia Pini/tmi is 
used as a 'vermifuge in the West Indies. Many of these plants grow 
upon the branches of trees (epiphytic), and they appear to bo capable of 
obtaining the greater part of their nourishment irom the atmosphere; 
their rind, tough epidermis enables their succulent leaves to •withstand 
the influence of a hot and dry atmosphere. TWmulda wneoideji, called 
Old-Man’s Ifeord, is a common plant, fanning a dense mass of dark-co¬ 
loured fibres, which hang do-wn from the boughs of the trees of the forests 
of tropical America, as Lichens do in colder clunates. Most of the 
genera have lailliantly coloured flowers, sometimes m tall racemes and 
panicles, whence they are much esteemed os ornamental stove-plants. 


Order CLIV. HYDROCHARTDACEiE. 

eSass. Ensatse, Endl. All. Ilydrales, lAidl, Colt. Uydrales, Benth. et 

Hook. 

610. Hiaqnom .—^Aquatic herbs, ■with dioecious or polygamous regular 
flowers issuing from a spathe on the end of scape-like peduncles; floral 
envelopes in a single or double cinde, in the fertile flowers united into a 
tube and adherent to the 1-0-celled oi'ary; placenta parietal; seeds 
'without albumed. 


InniTSTBATiVK Geneiia. 

Udora, HuU. Stratiotos, L. 

Vallisncria, Miek. llydrocharis, X. 

Afflnitles. —The sum or combination of the characters of this interesting 
Order keeps it apart from all other Monocotyledons, while the characters 
taken separatelyconnect itwith many. The inferior ovary and,in the case of 
Strntiotai, the habit connect them -with Bromeliacnse; the 3-merous pota- 
loid flower and exalbuminous seeds -with Alismacese; 'the 3-merous peloid 
flower and 3-carpellnry ovary 'with the CommeJynaceee, which, however, 
with a superior ovary, like the Alismoceie, have‘albuminous seeds. Tho 
inferior ovary, numerous seeds, and general characters remove them from 
Naiudacete, with which they are often associated hy habit, and the Ara- 
ceo), ■with which some would connect them; their spathe is scarcely more 
xVraceous than that of Amaryllidacem. FaSisnota and Modea (Anaeha- 
rig) are plants well known to microscimists for the favourable opportunities 
they pfier of e.\amining the rotation of the protoplasm of the cells. Hydro- 
charig, a plant somewhat like a miniature Water-lily, is common in fresh¬ 
water ditches; and its sepals and rootlets are equally adapted for the micro¬ 
scopic investigation of living tissues. Modea cmwdmtgig is the American 
Water-weed, which has increased so rapidly in our canals and ditches 
.since its introduction from America some years since. 

DistrUmtlon. —The species are not numerous; they are found in fresh 
water in Europe, N. America, E. Indies, and New Holland. 

QnaUtles and Uses.—^They appear to have no very active properties. 
Hydroeharig is said to be iustringent 
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Oeder CLV. ALISMACEiE. 


Class, llelobiic, JEndl. AIL Alismalcs, Lindl, Coh. Aliamales, 
Benth, at lIo(Jc. 


517. IHagnosis. —Marinh-IieTba, mostly with broad pe- 
tiolate luayes and scape-liko iiowerinf^ atoms; flowers 
porfoct or moncecious, with a double pcnauth, consisting 
either of a green calyx and a colourt^d deciduous curollii, 
or of 2 circles of green scales, each of 3 pieces (fig. 444); 
OTOiies 3, 0, or numerous, more or less distinct, and 
separating into as many nuts; seeds campy!otropous or 
anatro^Hnis; embryo doubled, hook>shapea, or straight, 
without albumen. 


Fig. 444. 



ST/ 

Plan of flow«r of 
Triglockim bract. 


iLLUSTBATiyn Genera. 


Snbord. 1. .TriNCAOiNEiB. Beri- 
anih scaly; aiilhars always extrorfic; 
ovule itivrrted; etnbryo slraiyhi. 

Triglochin, i. 

Seheuchzeria, L. 

Snbord. 2. Alismejk. Internal 
eirele of the perianth eoltntred; ovules 
sMarif or twin; ovule and etrhryo 
enrvetJ. 

Alisma, Jim. 


Actinocorpus, B. Br. 

Sagittaria, L. 

Suboid. 3. Bptomras. Internal 
circle of perianth cohmred; ovules 
immerous all over the inner sutface of 
the caipels : endtn/o curved. 

Butomns, Tmmef. 

Lirauocharis, H. ^ B. 


Afitnltlea. —The AKsmem bear considerable resemblance to the Dicoty¬ 
ledonous Grder llanunculacesc, while Butomem have been compared with 
the NymphssacetB on account of the curious placentation; but there is 
hardly any real relationship in this latter case. On tlie other hand, tlie 
Alismeo! have some similarity to the Oommelynoceic, from which they 
are separated by the exalbu'minous seed. Tliis structure of the seed 
agrees with that of Naiadncere, with which this Order is connected by the 
jHiicayinem. Scheudiseria in this last division approaches .Tuncacea). 

Distribntion. —^A small group, the members of which inhabit marshy 
localities in all parts of the world; most abundant, perhaps, in temperate 
climates. 

QnoUttes and Uses. —^An acrid property is common in the foliage and 
in the rhizomes, but the latter are sometimes fleshy and forinaceou^ and 
then may be eaten after the acridity is removed by cooking. Sagittaria 
sinensis is cultivated for food in Chinai Many are very han&me aquatic 
plants and are cultivated for the sake of their flowers. 


86 
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Order CLVI. NATiVDACE^. The Pond-weed Order. 

Clcus. riuvialoR, Emit. AU. IlydroleR, ImuM. Ooh, Alisinales, 
Benth. dk Hock. 

618. Diagimk .—Immersed aquatic plants, with 
jointed stems and slioiithinff stipxiles wilhin tho 
petioles, or with sheathing hnses to the leaves; 
inconspicuous, monfCMons, dicocious, or perfect 
flowers, w'hieh are nahed or have a free, scale-like 
perianth ; the ovaries solitary or 2-4 and distinct, 
l-ccUcd, 1-ovuled; seed exalbiiminous; embryo 
straight or curved (fig. 446), with a thin mem¬ 
branous testa. 

iLUtrsTHATTVE flENKnA. 

Oanlinia. WiM. Unppin, L. Onvirandra, Thawirx. 

Ntiins, Wind. Znuniebellia, Michel. Aponogeton, numb. 

Zoslera, L. rotamogeton, L. 

Afflnltlea.—Tliis Older agrees with IIy3rocbariJnee(o and .■\lisinaec:e in 
the stmoture of its sei'ds, lait diflers in tlic simpler orgnnizafion of the 
inflorescenec, which, however, is connected with that of Alismacerc in 
Snheiirhzrria. Deeaisne and Maoiit, following A. do.Iussien, keep distinct 
f 1 .liincagincm, Aponogeteie, I’olaineas, andNaiadere, all of which, with 
the exception of the first, are here included under Niiiadace.'e. The gwmps 
establislKd or maintained by the authors just cited are collectively eha- 
lacterized by the absence of a perianth or at least of a potaloid p'riaiilh, 
while they are simaratod one from the other by tho form and din'ction of 
the embryo, which is straight and slender and with the radicle next tho 
hibim in .Tuneaginem, swollen and witli the radicle away from thchiluniin 
Ztmttn'n, swollen and with the ciiibrvo so curved that both its extroinities 
are near tho hiluni in Potamem, swollen and with the radicle directed to the 
hilnm in Naindem. The form of the stigmas, whether entire and truncate 
or lineat and divided, is also reliwl on to distinguish the several groups. 
Some niithors consider the ihflorescenco really spadiciflorous, and regard 
the scaly perianth, when present, as consisting of bracts surrounding im¬ 
perfect unisexual flowers; and this idea is supported by tho spathe-like 
bract which occurs in some genera (Xogth-a &e.V Prom this point of view 
they are related to Lomnacese; but the character of the seeds is diverse. 
The structure of these plants is generally very simple, conristing chiefly 
of celluhtr tissue of very delicate orgimization; in Ownrmdra tho lamina 
of the frill-grown leaf becomes a delicate lattice-like plate, the interspacos 
between the ribs being destroved durii^ expansion, mstera is remarkable 
for its polkm-grains being'tiioular and destitute of an external coat. 

DistrlbiMoii.—^The species are numerous, and are met with in still, fresh 
and brackish water, and in the ana (Zoxtera), in all parts of the world. 

QulOitiaa and Dsea.--.Appniently destitute of active properties. The 
leaves of Zoxtera marina are collected and dried on the sea-coast os a 
material for packing &c. in place of hay. 


Fig. 44i). 



Em'bTj'o of Pnfamo^ 
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SiraciAss a GLUMIFLOIL®!. 

519. MonoootjieJoiia, with the flowers collected into close spike- 
lets, spikes, or heads, and the floral envelopes in the form of mem- 
brjmous scales; the leaves mostly linear, with long sheaths, tubular 
or slit; the seed i\^buminons. 

The plants of this Subclass are gonoraHy ons’ly recognizable by the 
clianuiters above given; but there is a supcrticinl resemblance to them in 
the COSO of the inflorescence of the Juuciu;uiii, whicli stand more naturaUy 
among the Petaloid Mun<N;otyledons, in spite of their scaly perianth; they 
are, momovtir, easily distinguished from the true Glunince® by their dis¬ 
tinctly regidar .‘5-uary striictui'e. The ordinary chanicter of Monocotylo- 
douons flowers is greatly disguised in this Subclass ; bnt an explanation of 
tlie conditions in the rippartjutly anomalous Grassos is given under that 
Order: in Gyperaceu! the floral envelopes an* genemlly more or less com¬ 
pletely suppressed; the female flower of has a peiiauth composed 
of a tuhuiar envolope; and something analogous to this occurs in Krio- 
canlaccie, as tlie roposentative of a corolla, within the calyciue scales. 


•"Obdur CLVII. -GSAMINACEtE. Grasses. 

t 

Cl<m. Oluraacem, MnAl. All. Glnmales, Lindt. Coh, Glumales, 
Jieidh. et Hook. 

520. Diagnosis .—Grasses (mostly herbaceous, rarely woody and 
arborescent), usually with hollow stems, with solid joints at the 
nodes; leaves alternate, distichous, with tubular sheaths slit down 
on the side opposite the blade, and a lignle (§ 79) at the base of the 
blade ; the hypogynous flowers imbricated with. 2-ranked glumes. 


Character, 

Inflorescence glumaccous, the flowers arranged in spikelets or heustce, 
which aro aggregated in spikes, racemes, or panicles; perfect, or 
sometimes monmeious or polygamous. 

Sjpihelcts mostly with two alternate and unequal bracts, called glumes, 
at the base (fig. 446), or enclosing the florets; the outer glume 
sometimes abwnt. 

Flowers 2 or many, or rarely solitary with abortive rudiments of 
others, alternate on the raohis within the glumes, more or less 
overlapping from below. , 

PeriarUh : the outer circle or calyx represent^ by two scales {palm 
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or glumeUas) (figs. 446-448, h, 7/), one inserted a Ettle above the 
other (alternate), the outer and lower simple, the inner or upper 
(sometimes called the dowering glume) with 2 primary ribs, and 
sometimes notched at the summit, the internal palea sometimes 
wanting; the inner circle (corolla) of 2 or 3 hypogynous scales 
(lodicula (fig. 448, «,»)), sometimes wanting; if 2 in number, 
collateral, alternate with the palem and next the outer, distinct or 
united. 


Fig. 446. Kg. 447. 



Fig. 446. pikelet of Avena\ a, glames; 5, 5, outfir of florists. 

Fig. 447. Floret of Avena : d, outer palea; 6*, awn; b\ inner palm. 


Fig. 448. Fig. 440. Fig. 4-10. 



Fig. 416. Floret of Aoena with outer pi^en roxnoTed: ft', inner palea; #,lodionlaB. 

Fig 449. Section of oai^opaia of Trilieum : a, endosperm; ft, embryo. 

Fig. 450. Section of embryo of .^oeNO, the endosperm removed: a, radicle; ft, cotyledon; 
e, plumole. 

a 

Stamens hypogynous, 1-4, or 6 or more, 1 opposite the outer palea 
(alternate with the 2 scales); filaments capill^; antiiers versatile. 

Ovary superior, 1-cclled, with one ascending oviile; styles 2 or 3, 
rarely confluent; stigrnas feathery or hairy (figs. 257 & 258). 

fVuit a caryopsis, with an inseparable pericarp; embryo lying on 
one side, at the base, of ferinaceous albumen (fig. 449), sometimes 
with a second, small outer cotyledon alternate with the ^st. 
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• Tribe 1. Pasicke?. Spikdeta ar- 
ticuUded doaely heUrvo tite lowest 
glume, 2-, very rarely ^flowered; 
upper glume always contaimng the 
most perfect and only fertile flower; 
axis of spikelet wver produced beyond 
the unoerpalea: lodicles tieoer more 
Hum 2. 

Panicum, 2>. 

Setorin, Zm 

Sorf^luiin, Pers. 

Audnipogon, X. 

Coix, Jj. 

'fribe 2. Phalahide^. i^ike- 
Icts articulated, sometimes as in I’a- 
nicete, and sometimes at the base of 
the pedicels near tJw main axis, 3- or 
a/yntrently \-flowered; outer empty 
glumes laterally compressed, often 
tmled at the base, longer tlmn the 
rest; lower palea terminal, lunry, 
with 2 rudimentary glumes below it; 
otherwise as in Ponicoo;. 

Phakris, L, 


Tribe 3. Poace^ Spikelets 
usuaOy articulated above the lowest 
glume, 1- or mauy-Jlowered; lowest 
flower usuaUy petfed, terminalfltneer 
very rarely more p^cct Hum those 
below it; axis of the spikdet almost 
invariably tcrmumted hy an imperfect 
glume, which is freguenHy reduced to 
a small paitU or bristle; Iodides gene¬ 
rally 2, sometimes 3; stamens 1-3, 
rarely 0; fruit always shorter than 
the lower palea. 

Agrostis, X, 

Stipa, X. 

Oiyza, X. 

Ch'loris, Sw. 

Avena, X. 

Festuea, X. 

Itroinup, X. 

Eambusa, X, 

Hordcum, X. 

Triticum, X. 


Affinitiea.— ^Thc tribes above TiieTitioned are those adopted by General 
JIiiiiTo, the leading authority on ibis immense and difficult family. The 
description of the Grass-inrforescence above given is in accordance vrith 
the views of B. Brown, generaUy accepted in this country, although 
questioned by Bentham and some foreign botanists. The following are> 
some of tlie principal arguments in its favour. Tohing the alternation of 
3-Tneroue circles of organs as the rule in Monocotyledons, if we select a 
triandrous Grass, we find that tlio outer stamen stands between, t. e. al¬ 
ternates with the hypogvnous scales; only two of these usually exist, but 
in l^pa and liambwsa, for example, a third occurs, and stands in front of 
the inner (double) pole; thus the scales {lodicsdee) must he regarded as 
representing tho petals, of which the inner one is usually suppressed, and 
the other two approximated or coherent, in accordance with the law affect¬ 
ing the next circle; for when Monoco^ledonous flowers are trtdy mono- 
etdamydeous, and this condition arises from the suppression of the corolline 
or inner whorl, the stamens stand opposite the parts of the perianth. 
Outside the loeUctdee we find the 2 pales or ghtmeUee. The outer one is 
opposite the outer stamen of triandrous flowers, and the 2 inner stamens 
are opposite the 2 primary veins of tho inner pme; and since, moreover, 
this generally exhibits a double character, its construction from the con¬ 
fluence of 2 sepals is no great assumplionj especially when we see the 2 
lodiculee confluent, as in Melica and OJycena. In diandrous Grasses (An- 
Hwxanthum) the outer stamen is wanting; in most Grasses the inner petal 
(lodioula) is absent ; the inner (double) pede is absent in Alopecurus, Pani¬ 
cum, &c; in LoUum and Lejiwrws the outer glume is absent; in addition 
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to which the few-flowered spikeleta of reiy many ^nera contain abortive, 
unisexual, or neuter florets, consisting of rudiraentaiy pales. 

Other authors, as has been noticcS, object to the explanation of the 
flower we have given, and regard the outer pole as a bract in the axO of 
which the floral axis arises j Link even looked upon the hdmdee as ana¬ 
logous to the scales in the throat of Xarr-mitii, therefore apparently ns 
representing the JiffitlfS of metamorphosed Onuss-leaves. The remarkable 
awn which is produced on the outer pale* of many Grasses, more or less free 
from its lamina, is regarded by some authors ns a barren development of 
the axis of tho spikelet, which would make the inner pale the subtending 
bract of tho flower. And it has been considered that the occasional ap¬ 
pearance of a flower on tho upper part of tho outer'^ale of monstrous 
flowers of the Nepal Thu'ley (Horiiemn eaJesfe) also indicates tho*pnle to be 
a bract with an abortivo floral axis adherent to it; in which ca.se the inner 

d o would certainly be the bract subtending the flower composed of 
icitkf, stamens, and ovary. This p<>rhnps derives some support frt'm 
the structure of the spathe in I'infin ; but the whole is mow! simply e.x- 
plaincd as an irregular monstrositv, since the outer pale of rivijiarous 
(}rasse.s ( i. e. plants with tlin spikeiets developing tufts of loaves) often 
appears as a inidimentarv leaf with ligular precessos at the junction of tlie 
va^al and laminar regions, and thus as a simple leaf; and tho only re¬ 
maining ground for regarding it as a bract, rather than the outer sepal, 
is tlio fact of tho inner pale being inserted a little higher up in the rachis. 

The ligule has been cansid(jred an adnate stipule; it seems more 
simple to regard it as on excrescence from the upper part of tho sheathing 
petiole. 

Tho above explanation of the structure of this Order brings them into 
direct relation with the general body of Monocotyledons; and tho stems 
of Unmlmn have the habit even of some Palniaccm, while the structure of 
tho seed approaches that of Arnee.'c. Hut the nearest allies, in both habit 
^and structure, are of course the Cypcrnco.t!: one distinctive mark be¬ 
tween them, the hollow stem, suffers exception in Saeahamm and various 
Grasses of hot climates; the creeping rliizoraos of ordinarv Orassea are 
comnionlv solid. Tho supposed diversity of structure of^ tho stem of 
Orassea from that of other Monocotyled’oas is imaginary; their culms 
are simply fistular states of tho structure existing in Tradcgcmtiia vir- 
ginim, which, like Grass-stems, roots freely at the nodes. The habit 
of tho Grasses familiar to us in liritain is uniformly herbaceous; but 
Sarefiamm, imd some southern forms, such as Pmueum qieetabik, Fedtwa 
fldheUnfu, &c., attain the dimensions at least of shrubs; and Bmnbuna is 
arborescent, having a woody stem 50 or (10 feet or more in height. 

Dlstrlbntioitt—Constituting one of the hugest natural Orders, tho Grasses 
are universally distributed, and in temperate climates appear in vast 
numbers of individuals, forming the principal mass of the verdure covering 
the surfime of all but utterly barren soil. Tho great extent of their cul¬ 
tivation is also remarkable, and stiU more the aWnco of information as 
to the native countries of the Grain-grasses, which have been objects of 
artificial culture from before the meiuorv of man. Rye, Baxley, and Oats 
are the harder grains; Wheat is the chief grain of temperate and warm 
temperate climate^ being; associated in the latter with Maize and Rice, 
which form the chief grains of the tropics,—Mmze more' particularly in 
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America, Eice in Asia, and both, locally, in Afric^ Eico-^wing being 
dependent upon the possibility of irrigation. Various Milfets (l^ghum, 
Panicnm, &c.) are largely grown in Afirica and Asia, and to some extent 
in South Europe. 

The Grasses of warmer climates ai'c more tufted and loss gregarious in 
growth, acquire ppeater stature, are sometimes arborescent, and very fre¬ 
quently present the uinmenioiis or polj'gamoiis condition of the flowers. 

QmUitieB and Usos.—^Tho main Yiuue of this Order rests upon the see^, 
or more properly the fruits, especially of what are called the “ Cereal 
(trains,’' just ieferj|ed to, and which, in their abundant farinaceous al¬ 
bumen, capable of great improvement in qiiantity and quality imdor cul¬ 
tivation, furnish the principal material for nreml in most countries, except 
wht'ro til# severe cold forbids their growth, or the fertile soil and favour- 
abbs climate supply siitticient fooi!. with a less laborious agriculture, as in 
the case of tho Plautaii^ Erend-fruit, and other tropical esculents. The 
Sugar-Ciine is another grass of scareely less value; and tho fodder-Grssses 
are of immenst! importance, as furnishing food to domestic animals. A few 
of the Grasses have somewhat active properties. 

Tho principal Corn-plants are:—Wheat, Tritimm viHgare and many 
vaiiiities (Spring Wheat is called T. amtirmn, Autumn Wheat T. MItermmi ); 
T. SiH‘Ua, Spelt; T. rnm/wKitinii, the Mummy or Egyptian Wheat, has 
compound spikes; Earley, Hnrdenm tUdirhmn, wdtli its varieties irnrdifum 
rnlyare (Here or Eig) and H. Ite.rustirhum ; Oats, Arena mtint and A. 
orienUdis (Tartarian Oats); Eye, Sevtde cereule ; hlaiise or Indian Corn, 
'£ea Mmjsx and llice, Oripa satim. 

Among those less generally known are:—several Millets, such as Setana 
fffrmmica (Oeniiun Millet); Selarin tiidica (“ Kora Kang,” East Indies); 
Vamemu frumentareum (“ Shamoola,” Deecan); Andropogon Sorghum 
(“ Durra”) and A. sncclutraturn (“ Sbaloo,” J'last Indies) ; Pameutn mili- 
iteritm (“ Warroe,” East Indies); rruicillana xpieata f “ llajree,” East In¬ 
dies) ; Tiisfudum e:rile (“ Fuudnnii,” West Mrica); ahgssiniea and 
Hletisinr Toeusso (‘'Teff” and “iWusso,” Abyssinia) ; Ehmine Corocmia 
(“ Nalchnoe,” Coromandel); Zizania uquatiea, Canada llice; Vluid^irU ca- 
narienm, Canary-seed, &c. &c. 

Among the most valuable fodder-Grasses of tempemte climates are:— 
the llya-gmsmsfjsdiiim prrewie, Hfdieum, &c.; mieum pratewsc, Festuca 
prntemix, Ci/noxurtm rrisfatiis, Aidhnxanthum odoratum, &c. Pnnicum 
xpeefidiile, a hay-g^s of Erazil, grows (I or 7 feet high; Anthktiria 
mndraiis is the “ Kangaroo Grass” of Australia; Aidhktiria ciliata and 
Cgnodoti Dftctghn are esteemed Indian fodder-grasses; Tripsacum dac- 
tgloideH, Gonia-gress, in Mexico; Oymrium argenfmm is the Pampas- 
grass : and Feduea JUdudhmks, the Tussac-grass of the FaUBand Islands, 
18 said to bo very nutritious. 

Saechanim o^inaram is the Sugar-Cane; Sorghum aaecharatum and 
Gynerimn xaeeharoidfx ^Erazil) likewise contain much sugar, as do<!S also 
Maize, before the grain is ripened. Many Grasses are fragrant; tho Sweet 
Vernal-grass of our meadows, Anthoxattthum odoratim, is an example, 
tho scent being most powerful in. dried grass; Hieroehhe Imedis is 
another; and this qualify is still more strongly developed in some East- 
Indian species, sum bs Andropogm citratum (“Lemon-grass”) and.4. 
IvarancuKB, A, Cakumu-aromaticus, and A, muricatum (“Vetivert”), 
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of which the roots are largely used. This last Grass has stimtdating 
properties; and another species, A. Nardut, is called “ Gin^-gniss,” 
TOm its pungency. Many others were formerly, or are stul locally, 
esteemed iis medicinal, such as:— Coix Laclu^ma, the hard grains of 
which are known by the name of “ Job’s Teal’s; ” the common llecds, 
Fhragmitea arundtnarea, Calamaffroitis, Aiiuido Jkmax, Tritiami repetm, 
(Conch Grass or Quitch of tknuers), &c. The supposed poisonous pro¬ 
perty of Darnel (ZoKtim temidentum) is not satisfactorily ascertained. 
Among the Grasses useful in manufactures are the Bamboo (llambma 
arundinacea), the Heed, Phraymiles, Umax, &c. Coarse paper has long 
been mode fiom the Bamboo in India, and recently from various straws 
in this country. Lijymm. gpartum is the Esparto Crass, niuch used as a 
coarse fibrous material, and also in the manufacture of paper. The Sand- 
grasses, Elymm aretuiruig, Amndo arenaria, and similar creeping species, 
are valnabie binding-weeds on shifting sandy shores. Grasses are re¬ 
markable for the g^uantity of biIrt evisting in the p.piiteiTii ia : and'in the 
Baralioo a solid ^iccoiis substance, call»i Tabasheer, collects in the hol¬ 
low joints above the nodes. Many species are cultivated for the elegance 
of tiieir flowers or their foliage, such as Arundo Dmuac, various species 
of Bumbusie, Oynerium (the Pampas Grass), &c. 

(ERioCAUi.ACKiE are aquatic or marsh-herbs,stemless or short-stemmed, 
with a tuft of fibrous roots, and a cluster of linear, often loosely cellular, 
grass-like leaves, and naked scapes sheathed at the base, bearing dense 
heads of monoecious or rarely duecious, small, 2-3-merou8 flowers, each 
in tlie asil of a scarious bract; the perianth double, or rarely simple, 
scarious; the anthers 2-cellcd, introrse; the fruit a 2-,’t^elled, 2-.3-8eeaed 
capsule; seeds pendulous, winged or hairy, with a lenticular einbiyo at 
the end of the albumen remote fi-om the hilum. The membranous tul>e 
surrounding the ovaiy nsprosents the corolla, and thus places this Order 
intermediate between the Glnmaceous Orders and the Xyridacem, which 
lead on through Commqlynaceaj to the Liliacere and their alUes. The 
plimts are mostly natives of iVmeiica and Australia, ^rioraulm septau- 
gtdare occurs in the Western Islands of Scotland (Skye).) 

(llESTiACBiE are herbs or under-shrubs, with or without perfect leaves; 
stems usually with slit, equitant leaf-sheaths; with spiked or aggregated 
glnmaceous, mostly unisexual flowers; glumes 2-fl or seldom 0; stamens 
2-3, adherent to the inner glumes; anthers 1-celled; ovary 1-3-celled; 
ovule solitary in each cell, pendulous; seeds albuminous; embryo terminal. 
Principally distinguished from Cyperacem by the pendulous seed and ter¬ 
minal lenticular embryo, further also by the leaf-sheaths being slit ; from 
the Juncaceiifby the same characters, by the stamens when 3 being opposite 
the inner glnmes, and by the 1-celled anthers. They are without the 
membranous perianth between the glnmes and the ovary which occurs in 
EiiocauhiceiB, while Xyridac<!»3 have the floral envelopes in 2 circles, of 
which the inner is petrdoid. From Desvauxiacem they differ in having 
2 or 3 stainens, and if with a 1-celled ovary usually 2 styles, and the 
distinct perianth. The species occur chiefly in 'Australia and South Africa) 
one occurs in Chili. The tough, wiry stems have economic uses, for basket- 
making, thatching, &c.Genera: Regtia, L.; Thatmochuiiug, Berg.; 
Wildenmia, L.) 
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(Desvactiack® are little aedge-Iike herbs, with glumaceous flowers 
in a terminal spsthe; glumes 1 or 2; palete 0, or reprt!sented by tender 
scales parallel with the glumes; ovaries usually several, sometimes con¬ 
solidated, each with a pendulous ovule; stamens 1, or rarely 2; anthers 
1-celled; seeds albuminous; embryo terminal. These little plants, chiefly 
natives of Australia, are of small imjiortance, except as representing one of 
the tjues of the Glumaceous condition of Monocotyledons. They differ 
from’Cyperaceas in having several 1-celled ovaries more or less coherent, 
or, if a solitary ovary, it is ] -carpellary; the anthers also are 1-eelled, and 
the onihiyo terminal, as in nestiacom; but they have only one stamen, a 
1-celled ovary, andta utricular fruit bursting longitudinally. Genera: 
Vetitrdepisy LahilL; Gaimardia, Gaudich.) 


Okdee CLVIII. CYmnAij^M. Sedges. 

Class. Glnmacem, Undl. All. Glumales, Lmdl. Coh. Glumalcs, 
Jientk et Hook. 

621. Diaffnosis. —Grass-like or rush-like herbs, with: fibrous roots 
and solid stems, closed tubular leaf-sheaths, without ligulca, and 
sjiiked, jMjrfcct or unisexual flowers, one in the axil of each of the 
glume-like imbiiralcd bracts, destitute of any envelopes or with a 
tubular perianth (figs. 4.52 & 463), or with hypogynous bristles or 
scales in its place (fig. 461); stamens definite, hypogynous, 1-7 or 
10 or 12; anthers 2-celled; the l-ccUod ovary wi& a single erect 
nnatropous ovule forming in fruit a ntricnlus containing a seed 
vdth a lenticular embryo .enclosed in the base of albumen, 


Fig. 461. 



Fig. 4B1. IWcrofEn'opJon/ni. Fig. 462. Female flower of Ctorw. 

Fig. 463. Section of the aame, ahowing the ovary. 


Oarex, Mich. 
Kobresia, Willd. 
Schoenus, L. 
Cladium, iS. Br. 


IlXUSTHATIVE GeNEBA. 

Isolepis, B. Br. 
Scirpus, X. 
Eleocharis, B. Br. 


Eriophomm, X. 
Cvperus, X. 
Papyrus, mOd. 
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AfflnitlM.—^This large Order of Glumaceons plants resembles in many 
piesects the Grasses, but has several morlced distinctive characters, viz. 
the tubular leaf-sheaths, the usually angular and solid steins, the gencr^ 
reduction of the floral envelopes to' a single bract or glume (2 additional 
glumes exist in Carex and some other genera, and hj’pogynous bristles or 
setsB in Scirpm, Eritpharum, See.), and the fact of the emb]^o being 
enclosed ccntrallyiu the base of the albumen of the seed. From liestincem, 
some of which resemble Sedges in habit, they are distinguished by the 
erect seeds, by the l-ce1Ied ovary being formed of 2 or 3 carpels, and by 
the leaf-sheaths not being fdit 

Distribution. —Universally diffused, especially in»marshes and about 
running streams. Carex and Scirpva belong chiefly to cool climates, Cy- 
perus, Maritfiw, and others to warmer, while some appear ubiqidtous. 
ScirjwJi triqiieter is found in FjUTOpe, South America, and Australia. 

Qualities and Uses. —^The plants of this Order are generally devoid of 
active properties, and are loss nutritious than the Grasses; but some have 
bitter and astrin^nt properties, while othisrs are regaided as diaphoretics. 
Several of them have some economic value. The rhizomes of Ci/jwrus 
hngus are astringent, thosts of C. roftmilua contain an aromatic oil; the 
creeping stems of Care;c hirta, arenaria, and other spt'cies have been used 
as substitutiss for Sarsaparilla. The rhizomes of Vi/perta eseuletitm, C. 
bulbosi^, and some other plants of this Order, beiim tuberous and devoid 
of noxious properties, tuo used locally as articles of food. ernti- 

qtmrttm, a tall sedge, with a spongy pith,^8 celebrab'd as having fiimished 
the andents with a kind of paper, made by cutting the pith into laniinte, 
which were laid one upon another and pressed, thereby becoming glued 
together by their own sap. Its stem was, and is, also used for basket- 
making, mats, &c., like various ticirni See. The species of Eriaphomm, 
the Cotton-grasses of our moorlands, produce a flock of cottony hairs 
around tins fi-uit, sometimes used for stuffing cushions, &c. Carex aretutria 
ffig. 24) and C. itmerea, growing on sandy sea-shores, ore very efficient 
in binding the shifting, sand. 
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(FHANEBOGAinA, FLOWEBlNa FLAITTS.) 

Divtsioit II. Oynmospermia. 

522. Flowering pliints, with aehlamydcons nnisoxual flowers 
arranged in cones, tho male flowers 
consisting of antlierifcrous scales 
collected in deciduous cones, and 
the female cither of open carpels 
(fig. 454, a), bearing naked ovnles,' 
standing in tho axil of a bract, 
and arranged in persistent cones, 
or of naked terminal ovules sur¬ 
rounded by a few scales; seeds 
albuminous, with an enclosed em¬ 
bryo bearing 2 cotyledons, which 
are simple or divided into several 
lobes—a whorl of 4 or moreco|ylc- 
dons (fig. 454, e) according to some 
authors,—and with the radicle eii- 
cloBcd in a sheath (fig. 454, n). 

The members of this group are remarkable as forming a bond of uuion, 
in many important parts of their organisation, between the Angiosperm- 
ous Flowenng plants and tho higher Oiyptogamia. Tho Cycadacoie have 
the habit of Palms, or of Arborescent Ferns; their fertile foliar organs, or 
stamens and carpels, resemble in Cyvm tho fertile leaves of Ferns; in Zatnia, 
as in Pinaceffi, the carpels approach nearer to the condition of the carpels 
of Angiosperms, but are flat or open. Tho structure of the temale flower 
has been a subject of much contrsversy among botanists; the account 
above given is that which is on the whole the most generally adopted, 
though it should be stated that some botanists regard the outer invest¬ 
ment of the ovule as an ovary, in which latter case the scale supporting 
it would have more of tho natiue of a branch than of a foliar organ. The 
reasons for considering the reproductive bodies as naked ovules imd'not 
ovaries are~ tliua given oy Alph. de (Jandolle ;—1. the mode of development 
is cenri^u^I os in ovules, not centripetal as in ovaries; 2, the seeds of 
some Coulters (Podocarpun) are anatiopal, a position unknown in ovaries; 
8, the insertion is that of an ovule and not of on ovaiv. To this it may 
be added that the structure and arrangement of tho tissues in the scale 

supporting the ovnles are moie akin to those of a leaf than to those of a 

branch. Anatomical investigation shows that while in Creods the ovules 
are home on the sides of a scale originating directly flmm tlie axis, in 
Conifers the ovuligerous scale is the production of an abortive secondary 
branch originating in the axil of the primary scale. Ifinaceie and Toxoceas 
agree with Dicotyledons in habit; but the foUago of the latter approaches 


Fig. 454. 



Pig. 454. Af Carpel of Pmun (o, orales); 
B. of oom) of PiH«4r, with seeds (a) 

Hi/n; C. wing(*cL riyn} siMtd (a. seed): 
B, m'ction. of Meed, showing embn'o ia 
endos]^>orm; B, embryo g^trminutmg. 
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that of Ferns, while there are relations between their inflorescence and 
that of the Lycopodiacem; Gnetacese approximate to CasuarinocerR and 
Chloranthaceie in habit; and perhaps Ephedra may bo compared with 
Equitetvm. In nil eases there may be observed a remarkable series of 
phenomena interposed between the arrival of the pollen upon the nucleus 
and the maturation of the embryo, not met with in Angiospermous 
Flowering plants, and, at the same time, very nearly allied to processes 
which t(£e place in the germination of the spares of Selagiuella and the 
Marsileaceae. Ihese will be more fully explained in the physiological 
' portion of this work. 


Ordea CLIX. PINACE.®. The Pine Okher. 


eXaes. Coniferse, Endl. Clam. Gpunogens, Lindl. Subclass. Gymno- 
spermeSD, BetUh. et Hook. 


523. Diagnosis .—Trees or shrubs, mostly with evergreen, linear, 
needle-like or lanceolate leaves, sometimes tufted, sometimes imbri¬ 
cated, monccciouB or dioecious; the female flowers in cones, consisting 
of imbricated carpels arising from the axils of membranous bracts, 
and bearing (fig. 454, a) 2 or more ovules on the upper face; fruit a 
woody cone or a succulent berry fornflid by coherence of a few fleshy 
scales (galbulus), 

Iluttstbative Gei{eba. 


Suborder 1. AnrETiNES?. Ovules 
ruith the mieropyh next the base of 
the carpel; poUea oval. 

Pinus, L. 

Xbies, Toumef. 

Arau&a^ Juss. 


Subord. 2. CmPBESSiNKiE. Omdes 
erect; pidleu spheroidal. 

Juniperus, L. 

H uji^ ^fmimef. 

Pryptomcria, Don. 

C upressns. Toumef. 

'\xodiuhi, L. V. Jticle. 


AiBnltieB.—The above diagnosis gives the essential character of this 
Order, which, however, deserves a little detailed notice, on account of the 
modifications occurring in tlie diflerent genera, as well as on account of 
the difficulties which the structure of the inflorescence may present to 
the student. ^ 

Among the AMetinete^ in the common Scotch Fir (Firms sglvestfis )^the 
male inflorescence appeal's in the form of a compound spike, each branch 
of which consists of a number of anthers arranged in a cone; each anther 
is repi^ented simply by a srnle having 2 parallel pollen-cells, one upon 
each side of a connective which is produced into a liMe tongue beyond the 
pollen-cells. The lemale inflorescence consists of a single cone, composed 
of single carpeUary scales, seated each in the axil of a membranous bract, 
the whole spirally arran^d round the axis; each carpel possessing, on the 
iraperfhce,at the base, 2 naked'ovules, with their pomts directed towards 
the base of the carpeL In other Abietineo! the stamens ere more complex: 
in Cunningharnia the anther is S-celled; in Araucaria many-celled^, the 
loculi consisting of free tubular bodies attached by their ^ices to a 
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thickened connective at the upper end of a slender filament; the condition 
of the carpels also varies, Araueana and Dammara havinjr but 1 ovule, 
CtMtaitghamia 3,. and other genera more. A diversity ^so appears in 
the cones, from the different ways in which the carpels are developed: in 
JHnus ayleegtris, and many others^ the upper ends become thickened into 
woody heads (apophysei) meeting in a valvate manner, forming the 
“ tessellre ” of the continuous surface of the imopened cone, while in Aides, 
Cunaitigltamia, See, the upper ends of the npe carpels overlap in on 
imbricated manner. 

In Cupressineee, the stamens of Cupressus, Juntperus, Thuja, &c. are 
peltate, with several loculi under the overhanging connective; and the 
carpels representing’tlie female (lowers have in Thuja 2 ovules, in Cupremas 
many, in Jmiiperm 2 or only 1 erect ovule at the base ; in Jmijjeiiis the 
caipels ripen into fleshy structures, coheringtogether so as to form a kind of 
lieny; in ChUitris the cone is of globose form, and composed of 4 peltivtc 
scales, the (qmphyses of which meet in a valvate manner; the same is the 
case witli a gnsater number of valves in Citpresms, while Thuja has the 
sf'oles more distinctly imbricated, but still with thickened apophyses, 
which meet in a valvate manner (like those of Pinus sylvestris). 

The curious fasciculate arrangements of the leaves of Pinus (§ G4), 
where 2, .3,4 or more occur together, with a common membmnous slieatb 
at the base, offer valuable distinctive characters for the species. The 
affinities of the Pinaceao are with Dicotyledons by their habit of growth, 
although there is an essential difference in the internal structure of their 
organs; the inflorescence of this and the associated Orders is perhaps 
more highly organised than that of the Cycadaceai, and is connected with 
Phanerogamia, on the one hand, by the presence of distinct stamens and 
carpels, the latter producing a perfect seed; while the nature of the pro¬ 
cessus taking place in the devmopment of tlie embryo (described in the 
I’hysiologiad Part of this work) indicates a close approach to the 
conditions which are met with in the higher Cryptogamia, especially 
Sclayindta. 

Distribution.—^A considerable Order even in point of numbers, its re¬ 
presentatives are met with in all parts of the wmld, the species of IHntts, 
Abies, and Taxodiitm growing sociallv. form characteristic forests in the 
northern hemisphere. 

QuoUtles and Xtses.—^Most valuable as timber trees and as sources of 
importaut resius (turpentine, pitch, &c_.) used inthe arts, and aromatic oils 
and balsams having medicinal properties. 

Pinus includes:— P. sylvestns, the Scotch Ilr (North Europe); P. Pi- 
nosJ^JThe Oluster-pine, a less hardy tree; P. palmtris, ^e Swamp-pine of 
Virginia; P. Teeda, the Fi-ankincense-pine. Pinus IWmontiam, P. Lam- 
bertiaiM, P. Strobm, &c. are other very valuable timber-trees, attaining 
a height of upwards of200 feet. Pinus IHnea, the Stone-pine of the south 
of Europe, has edible seeds. Aides i ncludes:—^the Norway Spruce, A. ex- 
edsa ; the Silver Fir, A. pectmMo) Abies balsamea, Balsam-of-dilead Fir, 
and A, canadenm. Hemlock Spruce, both North-Amencan. Cedrus, a sub¬ 
genus of Abies, includes the Cedar of phonon f Abies Cedrus or C. Zibani), 
and the Dgodaa (C. Peodara), which is supposra to be merely a variety of 
the last nameT; Larix, another subgenus, mcludes the European {Mies 
Larix or Larix ewopem) and other Larches, cl^racterized by deciduous 
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Polia^; Araucatia i ncludes tlie enonnous Chilian Pino, A, tuAnetOa, and 
the Moreloii-liBy Pino, A. Bidwilli. EuUma excelm is tho celebrated 
Nfoifolk-lsland f^ne. Dammam audralis is the Cowrie Pino of New 
Zealand; D. orientaHii the Dainmor Fine of India. Sequoia (or Welliiig- 
tmia) i/igaatea is a Californian Pine, attaining a height of300 feet; Micro- 
coc/tf^s tdragmM is the Hnon l^nc of Tasmania. 

Jumpet^. IS best known in this country by the common Juniper shrub, 
J.vulffaru^or by the cidtivated Savine,i)i i&irt&um; but the species of other 
countries are more important, as J. bernituliaiia and J. rirgimmut, the “ Ked 
Cedars,” the aromatic wood of which is used for cabinet-making, and for 
blacklead pencils; J. Oxyeednm, a Mediterranean spedes, forms also good 
and durable wood. 77utj'a oceiiletUalig and orkutaUs arc the Arbur-vitie 
trees of our shrnbbiaies; viffptomeria is now introduced also from Japan; 
Gtwcssui eemptrcirmu is the common Cypress; CaUitris qimdriralcie, the 
of North Africa, has poriferous and durable wood; C. auMralie, 
is the Oyster-llay Pine of Australia. Taxodimn disticlmm is tlie Decidu¬ 
ous Cypress of the United States, and characterizes the Cypress-swamps of 
the Southern States. 

Among the above, turpentine, resin, and pitch are derived from many; 
important kinds of resin are:—common tmpeutiuo, resin, pitch, and Jliir- 
gundv pitch, from eylreeim; Venice turpentine from the Larch; 
Strasbuig turpentine from Abies pectwata', llordeauz turpentine from 
J‘. IHtuvder &c.; Canada Balsam from Abies hdsamen and A, eiituitleusis; 
Sandarac from CaUitris qumliivalvis-, iima-Dmimax from Dammani au¬ 
stralis &C. The berries of Jumperus vidyaris are aromatic, and fu-u ustd 
fur flavouring gin; they are dim-etic; J. Sabina has still more acti\'e diu¬ 
retic properties; and (Sipressus and Thuja appear to have poisonous quali¬ 
ties. The large seeds of many other l^nes, besides the Stone-pine, are 
eaten locally, m a fresh state, as of Araucaria itnliruuUa, A liidtviUi, &c. 


Order CLX. TAXACEiE. The Yew Order. 

CUass. Coniferm, JEndl. C^ss. Gymnogens, Litidl. 

624. Diagnosis .—Trees or shrubs with narrow rigid leaves or broad 
leaves with forked nerves, uinscsual n^ed flowere, surrounded by imbri¬ 
cated bracts, the male several together, composed each of one or several 
coherent anthers, the female of a solitary nuked ovule, terminal or iu the 
axil of a bract; the seed usually surrounded by a succulent coat. 

Illustbativk Genera. 

Taxus, X. Daci-ydium, Sol Cephalotaxus, Zuce. 

Podocaipus, X’iTcr. Phyllocladu8,X.C.JUcA | SaUsburia, &n. 

a fflnttUi o.—^^e relations of this group, sometimes regarded as a Sub- 
ordra of the IHuMcm, are the same as those of that order; and from it 
these plants diiier chmfly in the solitary ovule that replaces the cone. 
The leaves of Salisbaria, and in a less degree those of other genera, ore very 
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similar to those of Ferns; and the stamens of Taxw closely resemble the 
sporouges of Egidsdum. ^ 

Distrlbntloii. —A. small group, the members of which inhaHt temperate 
regions generally, or mountains in the tropics. 

QnaUtiai and Uses. —Agreeing in general with Finaceno, Pndoairpis, 
Eatrydmm, Tuxm (Yew), &c. yield valuable timber. The leaves of the 
Yew are poisonous; but the pulp of the berries does not appear to share 
this property. The fruits of SaUshveria adianlifolia aro resinous and 
astringent. 


CWttDEu CLXI. GNETACE.®. 


Clugii, Coniferte, Eiull. 


CUus. Gymuogens, LindU. 


Dint/tums .—Small trees or shrubs with jointed stems, opposite, 
simple nelted-ribbed or minute and scale-like leaves, and unisexual(mrely 
hermaphrodite) ilowers in catidns or heads; anthers 2-<*l-celled, opening 
by pores; female (lower naked, or with two more or less combined scales, 
sunoumliiig 1 or 2 nolced ovules; seed succulent; emhiyo with 2 cotyle¬ 
dons, in tile axis of deshy albumen. 


iLLUSTllATmi! GjiNEBA. 

Ephedra, X. | Gnetum^ L. | Welwitschia, Hooh. f. 

Affinities —^This Order is chiefly interesting as frimishing a link to 
connect the Coniferie with tho liicotyledous, since the plants have a 
truly Gyiunospermons organization of the flower, while in general struc¬ 
ture' EpJuvlra approaches to Cmvtruta, and (hutmn to ClJormithua. They 
are destitute of the resin so chaiucteristic of Coniters. The ovule presents 
the curious peculiarity that a third integument, immediatoly investing 
the nucleus, grows out into a long process like a style, and which projects 
from the foramen of the outer coat. WelwitxcMa mirabttui,a native oT desert 
regions in south-western Tropical Africa, where it was iscovered by the 
botanist whose name it bears, is, i#many res^iects, the moat interesting 
flowering plant now in existence. It consists of a woody trunk, about 
2 feet high, with a long woody root, and terminating above in an irre- 
gulm-ly lobed saddle-like mass, 4-5 feet in diameter. From a groove 
^neaOi tho edge of this is given oil’, on each aide, a broad leatheiy leaf, 
some 0 feet long, and split into numerous thon^. These leaves are 
supposed to be tiie persistent cotyledons; and no others are produced, 
though the plant attmns an age of at least a hundred yearn, and firoliably 
more. The disk at the top of the stem is maiked by concentric lines. 
Tho inflorescence consists of cones borne on forked branches which ori¬ 
ginate from the edge of the disk. The cones contain, some female flowers, 
others male flowers; the latter with an abortive ovule occupying the ex¬ 
tremity of the axis. The female flower is similar in essentials to that of 
Cfnetum ; the male is quite distinct from any thing else. It consists of a 

f erianth, as in the male flowers of Ephedra, enclosing six stamens, united 
y their filaments into a short tube, and hearing globose anthers, which 
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open by a 3-iayed cbink. In the centre of the flower is a body like an 
oywy, with a terming st^le-like prolongation pad an expanded stigma. 
This pistil-like stracturo tnreats the nucleus of the ovule, which, in this 
case, .18 destitute of embryo-sac and embryo. The ovary-like body in 
this^oWer is shown, from its mode of development and structure, to be 
homdlomus with the coat of an ovule, and nut to posset the character¬ 
istics or an ovary, except so &r as superflcial resemblamiB is concerned. 


Fig. 453. 



Fii;. 4i>5. JVelmifiichi* mira^Uit. 


The long stylitbrm process is similar to that which occurs in the ovule of 
Ephah-a. The 'ovule, then, of Welmitxehia As strictly Oyrnnh-spermous, 
like those of Coniferm. The stracturo of the stem belongs to the Dicoty¬ 
ledonous type, but having, in addition, to tHe other bundles, scattered 
vessels passing through the parenchyma, as in Monocotyledonons stems. 
Among the ordinary parenchymatous ceUs occur “spionlar” cells of largo 
size and irm^lar branching form j these are covered on the outside with 
rhomb(n44 cryidals of chrbonatei of }iihe'. Similar cells occur in Araa- 
earia. . ' ’ ' " 

Oistrltaflon.—occurs in Europe, Asia, and South America, in 
temperal» regions; Ondum in troj^iai India and in Guiana. 

Qualities,and|rs8s.—.Unimportant; the branches and flowers of some 
Ephedra were formerly used^ap a static dnig. 


OsDER CLXII. CYCADACEiE. 

Chst^Zmoimf Eudh. Claes. Oymnogens, Eindl. Subclass. Gymno- 
spermom, Bertth. at Hook. 

'^iia^osis.-^Paim-like, dwarf trees with simple trunks, 
I 'intornodes .andeveloped,Hhe surface tessoUated with the 
l^iho fallen leaves; leaves glustbred at the summit, pinnate, 
^,>ribbed,-more or less hai^ and woody, «roinato in ver- 
nat^^ dioecious, the flowers in cones; the anthers covering the 
'Undeis siir&ce of the male oone-soales; fdmale flowers either peltate 
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scales with oviiles beneath, or flat scales with ovides at the base, or 
somewhat loaf-liko scales with the ovules bn the margins; seeds 
with a hard or succulent coat, containing 1 embryo or sevci^, in fleshy 
or mealy albumen. 

• '-InLusTnATiVK 

OycBS, It. ["■ “Zaiiia, x*. ;»■!.- I ■ MSraftzamiaj'itfrfl'. 

Dion, IA,ma, KncepUMpi'MIS, JS^ir. | 

Afflnitlest—With the habit and appearance qf Palms, especially in the 
genus SUiiifferia, these plants agree w|th Pihaeefe, in the essendal pecu¬ 
liarities of the organization of theJr floWers and seeds, while- the distri¬ 
bution of the reproductive organs ovbr the le^mke chiiiels dnd antheri- 
ferous sc^es in Cwitu, together with the circiinlte reninuon, connect this 
Ollier .-with the Perns, thus stren^hening flie i-clatioii between the 
(Jvmnospermia and the higher Ciyptogamia, whicli is so evident in the 
otlinities between I’inaceoe and Lycopodiaceie. 8oMe diflerence exists 
in the l•onditi(m of the reproductive organs. The flowei'-eones, composed 
of inihricated scales, npjiear to he aA'illar>’ productions in iSamia ', hut in 
f'yeos th^TurP tbi-metTOOnrfllo terfWtnaJ'^ud, which subsequently grows 
on (ns in the Pine-apple), so thirtsheiw the tertniiiaHnfloreseraice'nDai not 
arrest the gaowth ol the axis: the formation of eoncs txjcuis at intervals; 
atid when the scales fall oil’after..lhe poUen.or tho^ieeds.are mutai»,-thB 
stem is found marked alteniatidy tyUk bqfid&nf scars, of J^wo kinds, those 
of the true leimw and tluise of the Ihiral leavesJbwjiels m< 1 stamens). In 
Stamia the eoiles are lalcral, like the spadices of in^y.Palms. In Ct/ctu 
the leinale cones are formed of large flat leafy carpels, -with ovnles airenged 
at some distimee apart on the margins; the male cones BKt likewise 
formed of leafy sidles, hearitm numerous anthers (or loculi) scattered ovct 
the lower surface, the loculiBiiugcommonly grouped in fours like the 
sponinges of Merfitwia. In Xatiiin the.cones nioib nearly..mseiu^l'^ those 
of Pinaeeu); the male cohos are IVinned of peltate scales (Wta an apophysis 
as in the ripe cones of (’tqn-emt.i) with th6 pollen-cases under, the over¬ 
hanging head; tlie female cones are composed of somewhat pel&te scales 
healing only a pair of ovules at thu base. ' ‘ ' 

Distrllintioii.—Tropical and temperate parts of Aria Ond America; 
Africa, especially near the. Cape of (.lood Hope, MOdag^car, and Australia. 

Qualities and Uses.— The chief va lu e of ttieso plants ia os sources of 
a kind of .iVrrow-root orlj^p, con.^sthi'ar of ISie stki^ ^Mlied' tVtini tEe 
fhterirnl pnrencJijTna of the minks, or obtained from the mealy albumen 
of the seeds. Cycfis revoluta and C. cu'etnali* are “ Swo ” nlmitsiiyyniBn 
and the Moluccas; various species of /ibiegjkohirftismi^'w^lfSscBned 
“ Cafler-bi’eod ” at tho Oape; IHmt edtde (seeds)'frinijlehea k'-'ldud of 
Arrow-root in Mexico. 
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ScBEnrcBOM 11. CBTPTOaAlIIA, or FLOWEBLESS PLANTS. 

527. Plants producing soxnal organs, bat ncifecr stamens, pis^. 
g. ;|!:m]|>rTO sim ple, homogeneous, not divided into distinct 

The plants ineliided under the above bead are divided into a pfreat 
nuniher of subdivisions, which, although all conni'eted tofretltfer by the 
characters above cited, vet differ exceedingly m the minor details of their 
conformation (see p. 16;!, §§ JlOo & .‘lOti), on which aedbunt it is desirable to 
treat of the morphological details of each group at greater length than in 
the case of the coiresponding pgonps of I’hanerogiinis. The functional 
peculiarities ai'e likewise Separately treated in the physiological portion of 
this work. 


Division I. Angiosporse. 

528. Cryptogamonsplaiifeigosscsdngtjjjjj^tcm^g^lravjgtfronds), 

themselves sometimes encWcawjthni spore-fruits—“ ( j pncentacles 

producing spirally twisted, ciliated 
Spores, w'lien germinating, 
produciiig a “ gro^Sm^l’^ouwrnch the “ ^jehegonja ” or female 
organs arc forme37wMcn arc fertilized by the anthorozoids. 

Angiosporous Crj’plogams, as aliove defined, correspond for the most 
pwt to the Acfogens of other botanists. The woody tissue iueludt^s 
vascular as well os cellular elements, and increases chieilv by addition to 
the siuumit, ns veil he furtliei; explained under the head of Minute 
Anatomy and Physiology. The plants manifest in the gemination of 
the sjiores a sort of alternation of gciieratious: first a prothallus is deve¬ 
loped, on which the true female organ is formed and feeundabMl by llie 
autherozoids, wliich latter arc eitber formed on tbo primary plant, or on 
the prothallus with the archegbnia. 

CiA^I. SPOJiOGAMIA. 

629. Angiosporous'Cryptdgams, producing two kinds of spores:— 
“uyegjgjjjjjj^” containing spiral jspermatozoids; and “maCTosgoreSj^” 
which in germinating form a “prothallus,” and on which tno arche- 
gonia are formed. ' ' 

_ This class indudes the Orders Idarsilcacea and Lycopodiaccw, asso¬ 
ciated under this name on account of the similarity of their modes of 
reproduction, _ They produce spores of two kinds, called respectively 
macro- and niitTospores: the.former give erigin to tihe spore; the latter 
are '^mtheridia,” in which are formed “ aatherozoids.”# The spore emits 
a “prothaUus,” on. which is home one'or more archegones, analogous to 
oyanes!'aad containing ^ cell which is fertilized by the antherozoids. 
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Okdee CLXm. MAESILEACE^. 

Class. llydropteridc% EnM. AU. Ljcopodales, ImM. 

530. Diaf/nosk .—Crcepiug or floatiiig lierbs, with an incoMpieiious 
stem beaiiug stalked or sessile loaves, eii’ciiiato in vernation; sporo- 
car]>.s stalked, situated at the base of the leaves or loaf-stalks, and ^-4- 
celled, ll-4-valve(J, containing iinthoridia (inicrospores) and sjjo- 
raiigia in (bflereiit eum 2 >ai’lnu‘iit 8 of the same fruit, or 1-celled with 
the anthendia and sporangiu in se 2 )arate sjtorocarps, and spiiiiging 
from a central placenta; sjwrc 2 >roducing a prothallns,on w'hich arc 
one or more arehegonia. 

Tile Mai-sileacece, of which I'Uidaria is our only native example, are 
siiiiill liei'buceous ^ilaiits, growing in the mud at the margins of ponds, or 
ttoating in stagnant pooh). Their stem is bttle developed, consisting in 
the terrestrial foiius of a slender civejiing rhisome with tufts of lilifonu 
adventitious roots; in the aquatic forms it is a mere basis for the tufts 
of leaves. The leaves are snnvil, lilifonu in Vilutaria, ovate in Salrmia, 
and of remarkable qimtemate form in Marsilra. The fruits consist of 
cnjisnJes of globular or oval fonn (simrocuriiH, conceptackis, or aporti-fi'uits), 
borne on stalks which arise at the bases of the leaves or leaf-stalks. In 
J‘iliil(tna and Marsilea the Hpiriv-fmiU arc divided into chumbers, which 
contaui the two kinds of spoiesiu distinct sac-like cases(f/teco;). Lal^lulat'iu 
till' s]io]ncarp bursts into two or foar vidves, and liberates a mucilaginous 
salistuuce in vvliich ai-e iutermi.ved the mici'O- and mMiujTpoi-es. In Jlar- 
silcu the s^iorocaip bursts in a similar manner to give e.\it to a mucous 
thiviul or stalk, liearing oblong sporouges or spore-eases, some of which 
conlaiu iaige, others small spores. In Ha/rinia and Aztdln, the spore- 
li'iiits ai-e of two kinds, and produce I'espectively antheridia and sporangia. 
The antheridia coutaiu autheroisuids like tlmse of herns. 

Affinities, Ac. —The organization of the r^iproductive organs in this 
Order is tlie highest met with in Cryptogamin, the sporangCs being 
enclosed in capsules stalked upon the main stem. Sulimta and Azolla ore 
sometimes included in a distinct gitmj), Salrinieee, distinguished from the 
true Mai-sileocete in habit, in the circumstance that Uieir reproductive 
oiguns occupy st^pamte conceptacles, the conceptocle itself being, 1-celled, 
with a ceutml placenta, and destitute of the ^latinous bb^y so. character¬ 
istic of JSargffean, Moreover the prothallus hears more than one arche- 
gouium. The species ore not very munerous,' but are widely difliised, 
chiefly in temperate climates. They have no known properties. The 
Nardoo of Austmlia {Marsilea salvatrix) belong to this iamuy; its spoies 
have been eaten in coses of scarcity. < 
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Order CLXIV. LYCOPODIACE^. Club-Mosses. 

Clam. Selogiiies, Endl. All, L 3 'Copodales, Ziiull. 

531. Diagnosis .—Hcrhaccons plants with creeping stems, hranch- 
ing iu a bifurcate manner, clDthed. with small, usually closely imbri¬ 
cated leaves. Sporanges in the axils of more or less metamorphosed 
leaves, often arranged in cono-lihe 8pik<‘s (stalked or sessile) formed 
from one of the branches of a bifurcation of the stem; sporanges 
1-3-celled, of two kinds {Sflaginelln), pnidueing either 4 large 
o^'^llar 5 ' spores or numerous small authcridial spotes. 

Il.T.rSTlIATn'K (Jenera. 

Tmesipteris, Dernh. Lycopodium, L. 

I’silntum, Sip. Sclaginella, Spring. 

Tlio Lvcopodiace.T, including the Lycojwdiea and also the IsofU-tv, 
an! distinguished by their sporangt-s Isniig sessile in the axils tif leaves or 
bracts, wliich are often collected into akiiid of inlloresccnce like the cone 
of Firs. 

Fig. 4S6. 



Organisation of I.]r<^todieiD!—o,fragnie&t of Sela^nnUa kelvetiea, with frait-npikoB; h, a por¬ 
tion of the IruiV atom; c, ftiidt-Hpiko of Z^copodium attfUtHnum; d, fruit-a^e otL. inwn^ 
datvah^rith axiliory i^ionuigi*; the aporansu bursting; J\ spores from 0 : 0, s^iorange and 
Bmali spores; k, simrange with quaternary spores; and», the same, burst; aU from 
Sela^nella helcetieo. 

The'LgcojHidiea have slender stems characterized by a bifurcating 
mode of ran^cation (fig. 45G, a). In the Lycopodia the stems ore h^ 
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and woody, in the StilagiutUa) usually very delicate. They produce 
soliUu'y adveulitioiiH mote at the forks, and ato covered with smaU imbri¬ 
cated 'leaves, all alike and arranged spirally in Lyevpodbnn, but of two 
kinds and arranged in peculiar vertical rows, giving a ilattened aspect to 
the stem, in Selaffiiid/a (iig. 450, b ); the smaller leaves here are regarded 
by some authors us stipules. 

The fertile leaves of many Lycopodia and SelayineJla! are collected in 
slender-stalked or sessile cones or strobiles (fig. 450, c). Tho xporcx are 
cuntainiid in depressed oval cases, seated in the axils of these leaves (d ); 
ami in LyiHtiMufimii only one kind, containing a large number of spends, 
n'semlding (xdlen-^'ains, luis been found (c, f) ; in •SrlayiiicUa, however, 
tnierospores or autlieridia arc formed, and the lowe.st bract in each cone 
is found to subtt'iid a sporange containing four much larg('r spores (macro¬ 
spores) (7/, /); these last ari; the kind which germinate and reproduce the 
plant, producing in the first instance a protliallus, on which archegonia 
arc prodiiciMl and aix; fertilized bv autlierozoids like those of h'enis and 
formed witliin the microspores. Th(i reproduction of Lycopodium has not 
been observed. 

Ijycopodicfc seem to have attained far greater dimensions in former ages j 
the fossil trunks of trees called lA-pidodcndra appear to have belonged to 
plants of this fiunily, and which must Ijave rivalled the arborescent Ferns. 
.‘Vt present tliey are lierbiie(!Ous ]>lants, the hardy Lycopodia mostly creep¬ 
ing tin the ground, the mon; delicate Sc/ayinc/ia'. either creeping or climbing 
over low objects, in damp and warm elimatt s. 

Affinities, Ac.— Tho immediate relations of this Order are with Tsoe- 
taeeiB, wliieh setmudy difler, (‘xcept in the oiganization of the vegetative 
structure, tuid in the larger number of the macrospores. A most distinct 
afiinity exists with I’inai'cas in the cone-like spikes, as well ns the deve- 
h>pmeut- of t he embryo in the huger spores. The Olub-mosses are generally 
difiiised :—the sjiecies ol‘ Lycoj/odimn in tempenite and cold climates; the 
Helayiiicflcc in wann regions, being <>aj)ecially abundant and laige in warm 
damp localities like theiudinni.slands. Some kinds are apparently dangerous 
or poisonous: L. chirnium’^SbB been used as an emetic; L. Sclnyo and L. 
cnthartieu,m flW^urgatives; tlie latter is very violent in its action. The 
iSclaymelltc-me very elegant plants, much-valued in cultivarion, in associ¬ 
ation with Ferns, and in moist pT *hjri hrj^ht and deli; 

ealoly fonned foliage. One or two of tho species roll up their fronds 
will'll dry, and unfold them a;^n when placed in water, owing to tho 
rapid absorption of the fluid, whence thoj^ have been willed i^smieetion 
plante. 


Okskr CLXV. ISOETACE.®. Q,uiix-worts. 

Clam. Selapnes, Lndl, AU. Lycopodales, lAudl. 

533. Tufted a((uatic or marsh herbs, growing from aperen- 

nial coim-like stem, supporting linear eyliudrical leaves of delicate tex¬ 
ture, producing annually, in tbe axils successive cycles of the leaves, 
sporanges which are immersed in the substance of the iimer face of the 
leaf and divided internally mto chambers by nfore or less perfect septa; 
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some of the sporanges produce small antlieridial spores, others (fewer) 
large spores. 

iLLUSTBATni! GkNUHA. 

Isoetes, L. | ? Phylloglossum, Eae. 

The IgoHe<r are represtmted by a genus of plants grovring in the mud 
at the bottom of pools. Their stems eonsist of a hind of rarwi. of peron- 
nial duration an<l of woodv structuTe when old, pi-oduciiig adventitious 
roots oil the iindei'side, like the eorms of the Flowerimr plants, and send¬ 
ing up tufts of leaves from a. single terminal bud. The leaves are very 
delicate, of cylindrical form, and contain longitudinal viir-chambera; they 
aro e.vjiamlcd into a kind of sheath, “ phyliojiod," at the Iniso where 
attached to the conn : and in their axils, luoro or less imlieddi'd in the 
substance, are the s/w/vm/jn?*, sacs divided into seveml chamlxTs, some 
filhsl with numerous small ;wf/c;t-///v xpitrc*, others containing a small 
number of lan/c qaocc*, M:sembling the quateruary spoivs oH Se/iii/tiic/h, 
and, like them, producing the jniithnllus on which the andiegonia or 
female organa aro placed. The aiitheror.oids are like those of F»“nis. 

Affinities.—^Nearly related to Lycopodiaceie, with which tludr roprixliic- 
tivo organization agrees in all essential respects—but diffi'riug strikingly 
in habit, especially in the chanicter of the stem, which is cxtenially like 
a corm, bnt in reality is a peremiial woody caudex increased in size by 
sucAiessive annual growths. Pliiilhiphutimvi would appear to b(> exactly 
intermediate' between lurn'ti's and Si-fnffiiirJhi, having the leav(>s and stem 
of the iirst, with a stidked spike, lilc<.' the second: iwliaps this and the last 
Order should be conioiiiod. The species of Jw/c<r aro generally dilliisud 
in the northern hemisphere. Tiny have no known properties. 


CL.VSS II. THATXOGAMIA. 

533. Angiosporoiis Flowcrlcss plants producing snores of one kind 
in sporanges ])laeed on the leaves or on tfie stem : ^ snore gprp ||- 
natiiig into a giv,cn_ cdliilar Drothalliiim (like a RIeeia), arc 

dcvijlowd a nthoridia and,apc|ic<! 'ypj|. the latter giving origin to a 
leafy stem; anthcrozoids spiraL^^^ 

Tin’s class comprises the Ferns and the F<q>»KPtn, or Horse-tails, two 
groups which are connected t<5|i»!tlier by the phenomena presented in the 
germination of their spows, and by tlieir producing these organs in one 
kind only. While the Sporogamia have what nmy he called male and 
female spores, the h’erns and Ilorse-tails are furnished with spori's of only 
one kind, which germinate and produce an .Mgoid frond called aprnlhal- 
lus, upon which are developed the sexual organs, the arcJii'i/omn and mi- 
theridm. ^Vhen an archegouiuiu is fertilized, it gives birth to a kind of 
embryo, which assumes the charncter of a bud, sends out leaves (or stems) 
and roots, and gi’ows up into the fwm of the parent plant, while the genn- 
firond or jirutJmUm dies away. 

The Filiees and tlie Mquisctacofc are very unlike in their fully developed 
conditions: in the former the leaves are the pivdoniiunnt orgmis; in the 
latter the leaves ore alnffist abortive, and tlie stem is highly developed. 
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Okdeb CLXVI. EQUISETACEJS. Hokse-tails. 


CVrtw. Calamai'ini, Endh All. Muscalos, JAtuU. 


5.‘}4, Dkujno^h. —Herbaceous plants with slender, jointed, some¬ 
times nodular, subterraneous rhizomes, scndiiigup at intervais fisluliir 
jointed stems, bearing wborLs of scales (leaves) at tlu; joints, wboro 
they arc somoluncs v<‘rtieillatc]y branched ; stems either baiTcn or 
fertile, the latter terminating in a chivato joint Covered with spor- 
aiiges, consisting pf j)cltato bodies (fig. di)?, r, rl) uith dehiscent 
spore-i'hainhers under the overhanging head. Spores of one kind, 
with 4 elastic filaments, “ elaters,’’ foi-med by the spiral fission of 
the outer coat of the spori* (fig. ioT, c,j). 

Illustratiit! Genus. 

Equisetmu, L. 


The EqmM'taeem at present 
evisting coitsist of a single genus, 
Eijiikfivm, a small assemblage of 
herbiMicoiisplants groA\'iugin murahy 
places, Iiaving a cifepiiig,siibU'mme- 
ous, jointed, but solid rhizome (tig. 
4o7, It), from which ariso eivct sliools 
or stems of pecidiar aspect, and 
usually of gi-eyish-gpei'ii colour. 
'I’hcy aio striated loiigirudhially, 
jointed at intervals, with circles of 
small and nnrrowniembianoiis scales, 
r<‘pivseuting the leaves, at the joints 
(fig. 4o7. II,;/), and they aw fistular, 
like the stems of (Srasses. Tbev are, 
moreover, traversed by a immlier of 
air-canals varj-iiig in namber and 
disposition ill the several species. 
The stems ai-e sometimes simph«,' 
sometimes eoinpoiiad, bearing whorls 
or bmnehes at the nodes (ff), which 
hranclies rcseiubh- llii! main stem in 
cluiraclev, and fnapieiitly hraiicli 
again in a similar manner at their 
nodi's. The erect sh-nis are either 
ti'rtilo or barren; in some spiicios the 
fertile stems are short and simple, 
while the, han'cn stems are (all ami 
provided with numei'oas whorls of 
spretuling compound hmiiches {E. 
Jlui'iutile). The fertile stems tenni- 
uate in n kind of club or spike (fig. 
457,«, 6), composed of a snort tt.\is 
closely coveroa with gpormiffes (c); 


Fig. 457. 



Oi^nizntiou of EqinVliirrfi!:—«, ferfjle 
of Kqviiiefum arrenuft ariHiiit; from 
tho rhisuiiHS ft, (not. aiisr); 

0 , tnmsvfrHr of «1o.. iii|* how 

t1i4* Bjioraiip'ft nrt> nttm-liiHl lo fin* iixIn; 
dn a aimrnnKo, m‘<*n frfnu lumfiilh; ««a 
Bpora; /, thi* samts vilh il8 “elntew** 
uiic*oili‘d; fru{j^u'titi of the brunched 
stem oi^pahufre. 
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these ore little peltate ot muBhroom-shoped bodies (e, (f), attached by 
their stolho to the central axis, and bearing under the overhanging head a 
circle of vertical tooth-like pouches (tl), resembling the anther-cells of 
Thuja, and which hurst by a vertical wit on the inside to emit the spores 
when ripe. The spores are furnished with remarkable tiliform processes, 
called eluterii (fig. 457, <?, /), (tonsisting of four short tdameuts attoc^hed 
at one side, coiled spirally round the spore helbns it is mUtnre, and un¬ 
winding with elasticity when the spore is discharged from the sporangi*. 
The erect stems die to the ground tmnually, while the rhizome continues 
its growtli by buds. 

AfflnitieB, &C.— The plants of this Older belong aU to a single genus, 
which is veiy unlike any other form of Cryptogamous plants. In external 
appe.orance the stems have no litths rifseiublanee to those of Ji/i7iedra and 
Cmuariua : but their internal oi-ganizatiou is totally different. The spikes 
of sporanges also are very likt! the male cones of Xamia among the Oym- 
nosjiennous Fhaneroganiia: but the spores of Hfjmut’tmii ni-e funiished 
with spiral lilameiits, fonning a stmeture qiiiite peculiar to the Older. 
In conjunction with the fistular eifc.t shmis,having a slight similarity to 
those of (trasses, we find in Eijiim-imu, as in that ()nler, a de^iosit of silex 
in the epidermal tissues, ami in E. hyemate so abundant that the ashes of 
the stem form a good polishing-powder, like fine tripoli. In the history 
of the development of their spores thest' plants agive essentially wdth the 
Ferns (see 1’hyhiot,o(sy). The lOcjuiselaceiu are, found in wet places in 
most poits of the globe. 


OUDER CLXVII. FILICES/ Ferns. 


Pla-Ks. Filices, EmJI. AU. Filicoles, EMI. 

iXio. Dhgmms .—Herbs wiih a subtorranfeons rhizome, or trees 
with an unbranclied candex,wilh well-doveloiK'd, generally more or 
less divided or compound leaves, circinatein vernation, and all or part 
of which bear clusters of sjiorungcs (sori) niion the lower siu’facc (fig. 
458, n, 1>, d) or at the margins (ij), seated upon branches of the veins. 
Tlie sori are naked (6) or covered at fii-st by a .variously formed 
dehiseciit or sepirating membranous siructuro (Jmlusium, d, e) which 
is continuous with the epidermis of the leaf.* 


I1J.TTSTRATIVE Genera. 


Tribe l. PoLYPoniKJE. Sporumjes | 
staUied, with a vertical mmulm. 
Acrostichum, L. 

Gymnogramma, Iktv. 

Ceterach, Adam. 

Polypodium, L, 

Adiautum, E. 

Pteris, E. 

Allosorus, Bemh. 

Ifiechnum, E, 


Asplenium, E. 

Sculopendrium, Smith. 
Lastneo, lyes/. 

Aspidinm, Swaiis. 

Cystopteris, Bemh. 

I Tribe 2. GvATirEEiE. ^oranges 
I sessi/e, more or less elevated on a 
I common reee]ttarle; anmdtts vertical. 

Alsophiia, B. Br, 

I Oyauiea, Smdh. 
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Tribe 3. PABKisnuiiE. Sporangeit 
thin, ivith a broad, impetfect, vertical 
aimidns. 

Ceratopteris, lirongn. 

Parkenn, Hwh. 

Tribo4. IlT|j|iENOPim,LKAS. Spo- 
ranffee on- an axis prodm-ed bp the 
rxcurrenre of a rein beyond the mar¬ 
gin of tite leaf; anmduH korkontal or 
oblique. ^ 

llymonophvllum, Stnith. 

Ti-icbouianes, L. 

Tribe fi. (iLBimucmuAK. Upo- 
ranges conmmdy arratiged in fours 
in the dorsal sori, wnrly sessile, with 
a transnersfl or oblique amudus ; 
bursting vcrticidly on tJte imule. 

(iieiekpiiia, Smith. 

Merteusio, Willd. 

Tiibe 0. Srni7JEK^. S/ioranges 
dorsal; the annulus in the furtn of a 
cup <m die summit; dehisuenec ver¬ 
tical. 

Scbizsea, Smith. 

Ijygodium, Stcioiz* 


Tribe 7. OsMOTDEiE. Sporanges 
stalhed, dorsal, or arranged on pinna 
assftmifig a spiked or pani^date aspect 
from the absence of parenchyma be¬ 
tween the reins; annulus incomplete, 
dorsal; dehiscence across the vertex. 

Osmunda, L. 

Todea, Wilkl. 

Tribes. MAiiATTiEA!. S>iormiges 
five, closely jiackeil in two rows, or in 
'« circle, or soldered together so as to 
resemble a many-eelled capsule, each 
cell opening by a pore; anmdasnone. 

Aiigiopteris, Hoffm. 

Marattia, Sm. 

I)an»ea, Sm, 

Tribe 9. Oi*hiogi.oS8EAE. Leaves 
not circulate; spiorqnges 2-valved, on 
the. sides of a spike or scape, which is 
simple, or branched; annulus none. 

Ophioglossnm, X. 

TJotiycbiiun, Swartz. 


Tbe Filices or Ferns exhibit a ikr greater variety of conditions than 
the Horse-tails. Their most ivniarkable character is the great develop- 
mimt of the leaves, the stem hi lug represented in most cases by rhizomes, 
although in some of the exotic forms it becomes a real trunk, rising above 
the ground in a manner analogous to the trunks of Palms (fig. 29). 

The rhizomes of the herbaceous kinds are subterranean, and grow 
either horizontally or verticuUy. In the fomer the intemodes arc cither 
develoiied or undeveloped; when they are developed, the leaves arise 
singly from the ground, as in the common lirakc-fem (Pteris) and Poly- 
mulinm vutgare (fig. 4f>8, «); when the iiiternodes are undeveloped, the 
loaves are tufted, which is always the case when the rhizome is erect, as 
in Athyrium Filix-fonniua ; and the arborescent kinds likewise exhibit 
the tufted growth of the leaves from a terminal bud, with little develop¬ 
ment of the intemodes. The rhizoniatous stems frequently branch, in 
which case the stem bifurcates, ns in the l^cupodiacea). 

The leaves of the Ferns resemble those of the Phanerogamia in their es¬ 
sential structure ; they are very remarkable for their multifold compound 
forms. The venation or ribbing exhibits a peculiarity, the ramification 
of the veins in the laminie being on a bifurcated plan (fig. 468, b, d), and 
tbe subdivisions retaiDing an equal size. The leaves are also characterized 
by the circinato vernation (§ 113) which is almost universal in the Order, 
the only exception being found in the Ophioglosseee. 

The fructification or sporiferous apparatus of the Feins is prcjdnced upon 
the leaves; and it presents a gmat variety of mo4^fications, which serve to 
characterize the pmcipal subdiviBionB of the Order. The spores ore formed 

1 5 
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in spore-caaes or uporant/es, little membranous sacs attached by a pedicle 
to tlie lower surfac-e of the leaf (fijj. J68, b, e, i, &c.), or to a kind of 
skeleton of the leaf in which tlie ppi-eiichvina is suppi-essod (o). These 
spore-cases ditfer in some essential particnlnrs of stnicture, in tlie mode of 
attachment, and in their relations to each other. 


Fijr. 408. 



OrfURTiiziition of Fernsr—^i, plant of Pol^podium rtifffnnt i h, fragment of a pnina with naked 
wrt; r, vertieal section clirongh one of Uie son, ahiwing tli«‘ nttnehnient of the sjtonmgcB 
to th«‘ leaf; portion of n pTiinnlo ofLuMfiwt FULk'^umit^ the sori eovewil with iudMuitt; 
r, vertienl stHttion through a sorus of the same, showing the attttt*hmenfc f^tlie iiuiusium 
ami siionmges:/, vertical section of ftcnp-shaped indiiKimn and mru» of Cfkfhett; ff, mar¬ 
ginal sorus of jf^mninph^llum ; k, the same, nith one valve remov(*d, to snow^he attiwh- 
ment of the sporanges; 4 , sporange of Po/Df/Kprfittw, bnrstins: fr, spmwnge of Jigun»ao- 
pkjfUmt; I, spomn^t of ^IrAwrtro; w* group of M])orangi«a of iferfemHa; simrangt* of 
O^mundu : 0, ]K>rtiun the f<>rtile lobe of tht* frond of Boiryehium Xonar/u, with tho 
apomngea burst; p, spores of Ferns. 

In most of the Filices the spore-cases possess an anmthin or ring 
(fig. 4o8, t), an incomplete ring of thickenM cells running round th^ 
sac, and assisting, by its contraction when dry, to rupture the sac and set 
free the spores. In the Mypndieai and other tribes it is vertical (fig. 
468, •); in the ITymenophifUeet the ring is oblique and unconnected with 
the hosal pedicle (ft); in the Glrieheniete the rin^ is horizontal ftw)and 
in the Schizeeece it forms u land of cap with radiating strise on tlie top of 
the spore-oaae (^; in Osnmndem the ring is broad, but imperfectly de¬ 
veloped (»}, whUe in Msiattieso and Opmoglosaete (o) it is absent alto¬ 
gether. 
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In most of the tribes the sporo-coses ore distinct from one another, but 
collected in groups (son) «1 various forms, round, linear, &<;. (fig. 4o8, 
h, e), on the lower surface of ordinary leaves, or of leaves especiidly de¬ 
voted to th(! fructification and modified in form and texture. The sort 
nre either mketl (h, c), or covered by a membranous cover or iiidmiuin 
(d, <■), the forms and modes of attachment of which furnish «ysteuuitic 
eiinracters. In tlie Marattiofc the spore-cases are usually more or less 
coherent togi'ther, so as to form a false compound mnltilocuhir sporange. 
In the JTi/menD/dn/llert! thv sporanges (U'o atta(!hed to little columns formed 
by the production of the ribs bfivond the margins of the leaves ((/, h), 
Veoming at the same time enclosed in ciip-Hke receptacles formed from 
the margins of the leaf. In the Ophiogloasem a portion of the leaf is 
ti'an.sformcd into a simpht or compound spike-liko proc(.‘S8, covered with 
free spore-cases destitute of a ring, and splitting regularly to discharge the 
spores (o). 

The spores are simple cells of micro.scopie dimensions, furnished, like 
pollon-ginins, with a double coat, the oulor of which is generally similarly 
imirked with iiapilhc, reticulations ( p), &c. 

The term “ flowering” fern is eiToneously applied to those lands in which 
the wtile leaves or lohi's ani di'stituto of parenehyma, and thus resemble 
superficially flio spadices of Vhauerugamia, as Osnuimla, Uotrychium, 
()phio<ihmnm, &c. 

The lu-borescent Ferns belong to the r<dypodiem mid Oyatbeeto, and differ 
only in habit and ilimensiyns from the more-familiar forms. 

JP'erns are^^Qiuetimes^Biaiiftced.bi.lJudSj. UI>.^gaiis. to Jiulbila, Jonnai 
on different parts of tbeir structure, and sometime at the noints of the 
leaves. . 

Various attempts have been niodo*l®*PxplBin thtT'mSfbholog^f'thb 
sporanges, or Uu'ece, and tlio indmimn. VVe believe the latter must lie 
regarded as r product of the lower epidermal layer of the leaf; mid tho 
spornnge,s nre doubtless, like the anthers on the suriacc of the male sejilos 
of Ci/ens, developments of the parenchymatous structure, which scarcely 
admit of companson with the projier oppctidicular organs of stems. Some 
auf hors, however, describe tho leaves or “ fronds ” of Ferns as brimehes; 
and then the sort admit of being regarded as developed from leaf-buds, the 
leaves of which become sporanges (clustered together like the spines in 
the ahortiuo buds of Cactacero). 

Affinities, &e. —The b'ilices constitute a very large and natural group of 
Oryplogamous plants whieh have no very dose relations, as regards 
generabstructure; hut the Ophioglosscin seem to form a link between 
Osmtmdem and Lycopodiocem. As regards the physiolo^cal processes 
occurring in reproduction, this Oi'der must be classed with the Eqni- 
setaceSD, notwithstanding the great diversity of habit, which, as a whole, 
may ho expressed by saying that the loaf pimomiuates in the Ferns and 
the st6m in the Horse-tails. 

The OpUoyhsseee depart importantly from the general characters, both 
in their folia^ and their reproductive organs; to the form of tho latter 
there* is on 'approach in Marattiero, and perhaps we may admit that the 
sporanges of tW Order are really like those of Lycopodiacete; the de¬ 
velopment of the young spores appears to agree, however, with that of 
the Ferns and Eqmsotacete, which is on a tot^jr different plan from that 
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of Tivcopodiese. OphioprlosnacciB are aparinfily represented in Europe 
and J^orlh America, the West Indies, at the Capo, Tasmania, &c,, hut are 
most abundant in the Indian islands. They seem to be without active 
promtrties. 

The Maratticre, by the absence of the annulus and the grouping of tho 
snoranges, appear to stand between the Polypodiero and the Ophio- 
glosseio. 

The Ferns of temperate climates in the northern hemisphere arc herbs; 
in the islands of tho tropics and th(( south teniperatti latitudes arborescent 
forms occur having the uabit of I’alins. The Ferns are universallv dis¬ 
tributed—mow abundantly, however, in damp, mild climates, which favour 
the development of foliage. Some of tliem have active pro|>erlies, as- 
tringency, anthelmintic and emetic qualities, &(\, but they ni-e of little 
impoi-tauce: the rhisomes of /Vcn's &<•., and the stocks of some arbo¬ 
rescent kinds, ali'ord a poor nutriment, used by the ab irigines of tin* Soutli- 
Sea Islands and elsewhere in times of scaroity. It need scarcely In' men¬ 
tioned that this is the favourite Order of Cryptogaraia among cultivators 
of plants. 


CIASS m. AXOGAMIA. 




izod~jiarliegpnia gmngEirnrToBPorango^ IIccnffita numerous 


Angiosporoius Flowcrkvss plants, produciiiar anthcridia and 
•’ ^ nroner f " * "* 

__ ai kdw 

8go^gg^^^J3g^ojJ^c}^g^^^e_gl^^ 


This title is applied to tho Mosses and Liverworts on account of the de¬ 
velopment of tho arcim/niiitt and anflinHilin xipon the perfect leafy plants, 
th(? i'ertiMzatiou of the awhegonia being followed here by the development 
of the fruit containing the spuros. lloth groups e.vhibit a pwuliar mode 
of germination, the spore being developed into a branclusl confervoid 
lilamont, upon which leaf-buds appear, growing up into lealy stems, 
bearing antheridia and urchegouia and subsequently capsular sp'oranges; 
so that tho perfect plant 6f a Moss coiTesponds to tie heart-shaped Mar- 
«7/fl«/m-lik(! expansion of tho prothallus of Ferns on wlpich the antheridia 
and plstillidia aro produced. 


Okder CLXVIIT. BRYACE-®. Mosses. 

dags. Mnsci, Endl. All. Muscoles, lAnM. 

537. Diagnosis. —(Fig. 459.) Mosses, of crospitoso or diffiiscd 
oroeping habit, terrestrial or aquatic, wiai usually spirally imbri¬ 
cated leaves, and um-shaped sporangos, terminal (acroewpous), or on 
the ends of short lateral branches (clatiocarpous), or from the axils of 
leaves (pleurocarpmts), usually raised on a seta (fig. 459, a), covered 
at first by a calijptra'‘{d), ultimately naked, then bursting (rarely) 
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irrcfjnlarly, or by the separation, of a lid (opereuJum, f), leaving the 
free margin of tho capsule naked (gymnostomoiis) or fringed by a 
single or double row of teeth {perhtome, e. It), whoso number is a 
power of four, and which are free or combined by lateral processes; 
siwrungcs with a central columeUn (e') and no elators. 


Phascum, L. 
Orimmio, Elirh. 
T('trHnliis, Ilrdta. 
Splacumnii, Z. 
Dicrouum, JLidto. 


InT.rsTnATivE Genera. 

Trichostonium, Hedw. 
Pnealypta, lledtc. 
Hryuih, X. 
liartrauiia, Uedw. 


Funaria, Hedm. 
I’olytrichum, X. 
Ily]inuin, X. 
Foutinolis, X. 


Tlie Moswis liiive tlircnd-lilci; or wire-like stems, which are either simple 


Fig. 4ot). 


or brauclicd: the former are ei’ect, 
and terminate in fruits; the latter 
generally ensep, and produce spo-. 
rmigi’s from the lateral shoots. 

'I'llI!leaves aresninll end scale-like 
though gi-eeu; mostly spirally ar¬ 
ranged, hut inouetrilH!,tlie llypo- 
pleriiyiete, they soraewliat resem¬ 
ble those of .Tungemuuihiaceic. 

The leaves concerned in the for¬ 
mation of the fruit-buds (peri- 
chcetM lenvat) are often moditied 
in foini, and correspond to the 
bracts. 'J’he mdheriditt and <»'- 
ehiymna are produced either iu 
tenninal buds or in the axils of 
stem-leaves, together or st*pa- 
rately ,and often iu distinct plants. 

From the archegouiuiii, the outer 
part of which is a flask-shaped 
membranous sac, arises the upo- 
ranf/e or <//<vY«,wh ich in its growtli 
tears away tho wall of the arche- 
goniutn,leaving the base as a kind 
of collar (vayirnde, fig. 4otl, c), 
and carrying away the uppir part, which becomes more developed, ns a 
cap or hood (mlyptra, d) ; this more or less encloses the mu-shaped spore- 
case until it IS mature (iig. 46fr, A); the sporange is either stalked or 
seswle; its stalk is called the. seta. When the cnlyptrafhlla ofl", it eposes 
the tporange or capmde C&), which iu most cases has a deciduous lid (oper¬ 
culum, f) j when the lid falls off,' the border of the mouth of the capsule 
is found mther naked or furnished with a single or double fringe of teeth 
(jierulome, e, h ); and a circular piece, called we annulus, sometimes sepa¬ 
rates from the end of the columeUa in this situation. The number of teeth 



Oi^aaiisation of Mosboh :—A, J*olytrichu,w ulouteB, 
natnral idzc*: 6, ito eiv^wulft, with a)tpr(inlum in 
siiu^ and Ottlyitfem (rf) dvluchcd; <?, lh« !kibc of 
the tii'ta, with the vaginule; e, capsule, 
p('ristGTne,and« t*. a Region of the soTue, idiowinff 
the columcila; f, the oiiercnlum of e; il, teeth 
of the periaionii!, from the month of e; i, Hpoi^'R* 
on the same scale of amplification us h. 


in tho peristome is either four or some multipig of that number, as eighty 
sixteen, &c. A striking peculiarity of the capule of the Mosses is the 
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existence of the columella, or stalk-like process running up the centre of 
the cavitj"^ of the sporauge (c'). In what an* culled AsUraous Mosses 
there is ho deciduous operculum, and in Phmmm the capsule hursts ir¬ 
regularly ; the columella is sometimes absorbed here, while the spores oi'C 
ripening; in Anrh-im the sjxnange opens by four lateral slits, the valves 
remaining attached at the top. The spores of the Mo-sses ai-e simple 
double-coated cells, like pollen-grains 5 they occur alone, and never ac¬ 
companied by filan^ntous bodies. 

The Moss(!s ofh'n produce gemmae or reproductive, leaf-buds analogous 
to the bulbils of Pliaiierogamia: they (u-cur both on the stems and on the 
leaves. Tliey form Avquently also sniall eonfervoid Klameuts at the base 
of the stem from which gonidin-likcs bodies separate; and, fweordiug to 
Dr. llnixton Hicks, zoospoK's like those of Algiu are formed from the 
chlorophyll-utricles of these filaments. 

Affinities, Ac. —The charnefers of the antheridia and are.hegonia, the 
sexual reproiliictive organs of 51'os.st's which give vise tothe fruit,arenolietsl 
above; their nusle of occiiirence enters into modcni descriptions of genera 
and species. The Hiyacem, as limited in the above <liagnosis, are closidy 
related to Andiwace.'c and SphaguMieie, commonly included among true 
Mosses; the tenner Order connects them with Ilepalicse, but the affinities 
of Hphnflmm beyond Tlrvucem mv obsenro. The Mosses have no distinct 
affinities with any Cn-ptogamous Class except the TIepalicro. The Ih-y- 
aco.Ts are numerous, and prestmt a great varietv of stnictuTO verv interesting 
to microscopists; they are generally diiluseit, most common In temperate 
diniates; and their chief iinportaiice, perhap% luises from their keeping, 
with the Idchcns, the outposts of vegetation, at the Poles, ou mountains, 
or on han'eu rocks. 


Oi«)EK CLXIX. SPIIAGNACEyE. Eog-Mosses. 
dans. Musci, Mtdl. AH. Muscales, Lmdl. 

638. Dioffnosk. —.4q|iiatic or hog-Mosses, of peculiar yellowish-pgeen 
aspect, with spirallv imbricated (5-rowed ) leaves and fascicnlate branches, 
the lower of which are long and defiexed, while one of the upper is, in 
fiuiting plants, replaced by a sporange, with a short turbinate seta, de¬ 
hiscing by an opereulum, destitute of a peristome, and possessing a short 
columella and no elaters among the spores. 

IrXTJSTiiATrvE Qkntts. 

Sphagnum, DSlm. 

A^ltle% Ae.—This gengs differs very much from the Bryacete in 
habit and in the structiiro of its leaves, 'w^hich are well-known as curious 
microscopic objects, the • chlorophyll-bearing cells being slender and 
elongated, connected in a kind of network in the interstices between large 
empty cells, whose walls are strengthened by a spiral fibre: this stmetnre 
causes the whitish or yelbiwish-gxeen colour peculiar to them and a few 
other aunilarly organized Mosses. In addition to the &scicalAte mode of 
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branfiliinpr (really formed by successive members of a spiral eories), the 
S/>fiiif/iia have autheridia like those of Jmii/ermatmia, globose smkod 
bodies, and not sessile tnbuliir sacs/ There appears, moreover, to Iki some 
peculiarity in their spores, since thev have been observed to occur in some 
cases of more than the ordinary size, and. fewer of them in a capsule. 
This Oi'der is not a little, remarkable for the share which it takes in 
covering bogs and gradually furnishing material for pent, the lower 
parts of the stems continually didug away below#irhilo the summit 
ascends; the descending lower branches of the fascicles, which appear to 
supply the place of roots here, bind the whole into a compact mass. They 
abound in cold anfl tempsrate climates in boggy places, furnishing an 
article of food to animals, and oven to man in northern regions. 


Order CLXX. ANDEiEACEJE. Split-Mosses. 

Clann. Mnsci, Umll. AH. Muscalcs, lAndl. 

o-"!). Ih'tif/iiogtn ,—Cmspitose Mosses, with erect stems, imbricated leaves, 
and terminal fniit, the capsules destitute of n seta (sessile on the receptacle 
wheit! the vagiinilc arises), bursting vertically into four valves w'bich 
remain conni'cted at tho apex, ]iossc.ssing a central columella and spores 
not mixed with elaters. 

iT.^STnATrvR Genera. 

Audrtea, JE/tr. | Acrochisma, Hook.Jil, 

AfDnitles, ftcb — AerorJiimna, a genus from the Antarctic regions, has 
the valves separated only halfway down, thus connecting this Older with 
the PJimre<r among the Biyaceaf', in which Arehidimn, like Andrtpa, does 
not elevate the spomnge on a seta, but carries up the calyptrn simply by 
expansion of the eapsnlo; on the other hand, tho 4-vnlved dehiscence 
agrees with that of the .fungennanniacoiie, where, however, with other less 
important peculiarities, we have no columella, but,elaters mixed with 
their spores. Tho species ore native of mountains and polar latitudes. 


Order CLXXI. JUNGERMANNIACEiE. Scale-Mosses. 

(Hass. Hepaticfc, EndJ, AU. Muscoles, Lindl. 

640. DiminonU .—^Minute creeping plants with small green ceDular 
(soale-like) leaves, imbricately arranged along the axis in two rows, often 
^th a row of imperfect leaves (ampJdffa^ria, fig. 460, d) on the under¬ 
side ; or with the stem thalloid, e. forming a lohed leaf-like mass. The 
spomnges are oval capsules broking through the summit of the calyptra, 
raised on a threafll-like seta, and splitting vertically when ripe into 4 
valves, which separate more or less widely'into, the form of a cross (fig. 
460, n), scattering spores mixed witih elaters, destitute of a columella. 
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iLLrSTRATIVJB GbnERA. 

Metzjjerift, Radd. Frullauia, Necs. Geocalyx, J\w». 

lilasia, Mich. Tricknculea, Kee». | Jungermannia, DUl, 


The Jmigermanniaoone (or foliaceoua llepaticas os they have b<«i‘n 
t(!nned) have slender ramitied creeping steins like those of branchcil 
Mosses, being iMre deluMvtCj with 
leaves imbricatea in a distichous lig. 400. 

manner, so as to give a tlatteiied 
character to the brauifhcs (fig. 4ti0, 

JJ, d). ITie anthcridin and archet/o- 
nia are produced on the.se stems; aud 
from the latter ore developed the tqto- 
ranges, which are- suiTOimded at tlie 
base by inodifiedTKTicAflftiVrfand^ifn- 
(■/o/iw/leaves, and by a vtif/iiiidc (fig. 

4(!0, B, a), which differs from that 
of the Mosses in being the entire sac 
of the archegoninm, no hooded ca- 
lyptra being can-iod up in the J im- 
genuanniacc.'e. The vngimde is .some¬ 
times called falgptr<t, and sometimes 
epigone ; the circle of leaves, often 
confiuent, surrounding it,fom the 
peni/oHC, perianth, or involiieel; and 
these are surrounded by the perielue- Orf^nixation of Jiineprmannia»w;—B. nuduta 
tial leuvee, perichaitium, or innduere. with ip> uao|« i and n Imrat 

The capsules are generally elevated 
on thread-likestalks (setce), and jvheii 
mature split nearly or quite to the 



base into four teeth (tig. 4tK), b), 


cu].MiiIo: ff, fliovughinl* ; burMti!:i|>»itl(s 

innffiiinrd; fvnpt_//,fni^racnt 

or thr Joafy stem of Ju igermunnia UMltrotut, 
Hhowinjr tho dintii'lioiis aiTKn{(<>iucnt of the 
l(‘ttveN, ami the umphifftuttria {e), 

which spread out more or less and set fi-ee the qniree and elalert (e). There 
is no columella. 

Affinities, ha .—^The genera of this Order, formed out of the old genus 
Jmigennannia, pre.sqpt a considerable variety of conditions, both os re¬ 
gards their vegetative structure, which is either frondose or foliaceous, 
and the minute details of the organization of the ealyptra (epigone), with 
the iiwolneel (pertanth or perigone) and the involucre (perichtrtium) 
which surround it They approach the Mosses through Andneaceio; 
with which AntJwceroK is still more nearly allied in the possession of a 
columella; but we have here a higher condition of the vegetative organs, 
nearer that of Mosses. The Jmigermannioccm are found m shady woods, 
and moist situations, throughout all regions of the globe, most abundant 
in damp tropical woods. They have no important qualitijs. 


(Anthockbotk.® are distinguished from the frondose forms of Jun- 
germanniacecB by the absence of an involuwd (perigone). The antheridia 
and arch^nia are produced in cavities excavated in the tiialloid stem; 
and frcffia;%e archegonlum springs a thread-like or pod4ike capmde, wMch 
s^ti: down longitudinals into two valves when ripe, and. displays a 
OBtiB^-po^iiimella, and has both spores and imperfect eiaters.) ■ 
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Okder CLXXII. MARCHANTIACE^. Liverworts. 

Clam. IlepaticiB, Endl. AU. Muscales, Lindl. 

541. JDiaiftiomi. —(Fip. 401.) Minute green plantn, with a stem in the 
form of a lobed, leaf-like, cellular e-xpan-iion, routing by capillary fila- 
incnb* below, with an indistinct midrib; the sporanj^s dopendiug from 
the underside of a capitate or radiate receptwlo supported on a stalk 
arising from the ajtex, on the under surface, of the lubes of the frond; 
tile sporaiiges bursting by teeth or irregular iissiu'cs, coutaining elaters 
mixed with the spores, but no culuiuella, 

Il.I.tTSTUATlVK GmNKBA. 

Fegatella, Ilruld. | Plagiochasma, Zehm. | Marchantia, March. 

The Thalloid Ilepaticro have a broad, more Fig. 4C1. 
or less succulent, lolled, leaf-like expiuisiou in 
place of stem and leaf (fig. 4i>1); tins is to be 
I'egai'ded as a foliaceoiisly developed stem analo¬ 
gous to that of Lenmn among the I’hauerogamia. 

Tile fruits liorne by the thalloid forms aw very 
varied : the Pelliete, or fnmdose .1 iiugormanuiacese, 
bear capsules like those just.descvibed, but arising 
from the midribs of tire thalloid stenr; the Autho- 
ceroteiB, Iticcieai, ajrd MorchantinceiB are very 
dillereiit. 

The thalloid expansion of the Marchontiacear 
scuds up stalk-like processes from its marginal 
sinuses (fig. 4(il, A), terminating in simple or 
divided cap-shaped bodies (jeccptudex), orr the 
imderside of which are found the arcliet/onia^ 
the antherklia are in distinct Ircads; the arche- 
gonia devolope iaio qm'aitgeii or eaimules (ft), which 
usually burst at the apex (c) into teur teeth, some¬ 
times into eight; in certain genera a lid separates OrBaniiaUion of itrarrhnnti- 
by transverse dehiscence, and in others the spo- »o<’®:--A. 3fnrc*«)i«ofo- 
range bursts irregularly; the sporangc has no co/w- vMtiaa 

wdla, and its spores are mixed with elaters (d). Bertion of the iwcptoele. 

The IlepaticiB produce cellular bulbils or gem- 
mar. These ai'e especially remarkable in some of renp! bunting, witii ita 
the thalloid forms, as in Marchantia, where they wgmuicEndpLTigono iwd 
are developed in groups in speciid cup-like reeep- S’gWy ^ 

tacles. 

Afflnitiea, Ac.—^This Order is especiall 3 ’ characterized by the existence 
of a stalked “ receptacle ” bearing the reproductive organs, wbicl^ unlike 
the stalked sporanges of the allied Orders, is not a product of tte arche- 
^nia, but preexists and bears these, distinct receptacles being produced 
for the antheridia. The 8poran|m^ with the cajyptra, involucel, &c., 
are formed in groups from a number of archegOnia, developed on the re- 
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ceptncles; this structure distinpruisLes Marchantinceffl at once from Jnn- 
^rmanniBceiB, and from thefi-ondosc liicciaceie, which have the sporangcs 
imme^d in the frond and devoid of involucres. The Marchantiucem 
grow in damp shady situations, occun’ing in all climates. 

• 

(Ricotack^ are inconspicuous MarcluiuUa-Viko- Tivtirwoits, growing 
in mud or floating on water, having a delicate cellnhir leaf-liko “ frond," 
with the spoi'anges, without au involucel or involucre, iiumerw^d in or 
sessile on the fl-oud, bursting in-egnlnrly, and containing no olatei-s. The 
ontheridia aud archegouia are also iiuhedded in the substance of the 
thailoid stem. From Anthoceroteio they dilfer in. the absence of a 
columella and of rudimentary eliiters. They are inteivsting us exhibiting 
the lowest tvne of organization in the Class*to which they belong. They 
are generallv difl'used, comprising 8 genera, with about 28 species. Genera: 
Siceia, Alicit.; Dimeea, R. and Alout.; Uplummiqwii, Mich.) 


OttDEii CLXXIIl. CIIAllACEiH. 

s 

Clans. AlgiB, Endl. An. Algales, Lindl. 

•542. Eiafftiom. —^Water-plants having ver,ticillately branched stems, 
rooting more or loss at the joints; the stems either simple tubes; or witir 
the central tube clothed by a cortictJ stratiuu of smaller tubes which grow 
over the inttnnodes from the top aud bottom and ineot so ns to cnvelojte 
it. Reproductive organs of two kinds, found on the whorls of branches:— 
(1) axillary oval sporangia (hkcw/w), consisting chiefly of a central cell 
with a corte.v of spirally wound tubes ending in a crown of teeth above; 
and (2) little globular antheridia (fihhidi'n), sessile on the branches, 
bursting when mature into 8 trijiugular valves, the centre of each valve 
bearing a stalk whence arise micrdse.ojnc, jointed, conft'woid fllaments, 
each joint of which gives birth to a 2-ciliatpd tihamentoiis spernmtozoid. 
The nucules fall otf, germinate, and produce now plants. 

Illustbative GussnA. 

Chnra, Z. j Nitclla, Aff. 

Afflnlttes, & 0 .—^The true rehiliona of this very interesting group of 
plants form a subject of debate among botanists: as regards the oigani- 
zation of the stems, they do not rise above the condition met with in 
Poli/siphmui, or even Batraelmjjei'mnm, among undoubted Algae. On the 
o ther .hand, their vegetative stweture has the power of reproducing the 
pl^ by bulbils devdpped on a, far higher tvne than tlm prfinyv 
cwulor gemma) of the lower plants; further, the presence of diiSinctly 
formed roots growing from the nodes seems to show that they are realhy 
Cor^phytes, in which, possibly, the leaves are represented by the corti- 
oal ulaments of Chora. From the organization of the reproductive organs 
t^en alone, b'ttle hesitation can he felt in associating the CharoceiB 
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with the VasculM Crj-ptoganw, tlic epermatozoids of which me exBctljr 
i-epreacnted in the products of the rfobules, while this form of the ferti¬ 
lizing structure does not exist in the Thallopli j-tes; Md the “ nucule ” 
must be regarded ns a representiitivc of the archegonium of the Mosses 
&c. (see Physiology). The Cluirtp gi-ow in stagnant water, fresh or salt; 
and many of them acquire a dull aspect and brittle texture by bceoming 
inerustetl with carbonate of lime, apparently precipitated from ealeareous 
matter in the water, since it is often delicient in cultivated specimens. The 
luiincrusted kinds, the simple tulms of KiteUa, and the young shoots gene¬ 
rally are well known as objects displaying in a beautiful manner the rota¬ 
tion of the cell-sap, jvhicli takes place in e\’ory pait of these plants. The 
.abundimt protoplasmic cell-contents cause tliese plants to give off n veiw 
oH'cnsivo odour wlioii decaj’ing. The species occur all over the world, 
most commonly in tcmpnnit(‘ climates. They have no known uses, and are 
ri'garded as no-xious from their smell when undergoing decomposition. 


Division TI. Oynmospors (ThaJlopliyta). 


513. Crj'ptogamous plants producing in vegetation a thallns, 
Renting jio oiniusHion of aacending and dcseonding axis, or contrast 
antherozoids never 8])iral; reproduced by spores 
vi^ioh arc produced in parent cells, eitlier forming part of the vege¬ 
tating thallus or groWing ni)on the surface of definite regions of (he 
tliallus devoted to nqiroductien. not nroducing a tirothiillus . 

hut reproducing the ])lant immediately. 

These plants convspond to the Thallogens of most authors; their piin- 
eipnl points of distinction from Angiosporoiis Cryptogams ai'o above 
given. Th(‘ vegetative strncturcfs of the plauts of tins group, which form 
their prineiiwl bond of connexion one witli another, and their most 
striking character of distinction from the higher plants, present a givat 
variety of conditions within their own limits. The tliallm is a pmely 
cellular expan sion, presenting no <!oiitrast of |farts analogous to that 
lietw^h'tllS'TfiHB^sIBB^’WKHSl^PI'endages (leaves and their modifica¬ 
tions), which exists in the higher plants; hence they are necessarily 
devoid of true buds. A speeial regularity, however, and a determinate 
direction of growth are inanifested more or less clearly in all cases, giving 
detinite and characteristic forms to the thnltiis. This is the case even 
yjhe^ th g thallu B is ly^iicc d to t be^jponditim of microscopic filaments, 
i eIon;^te~anh spfeaa i n^jCT^miMffi TOStions. 


dongate and spread m determm _____ 

'and ilSTBlWb 

mtfiutg-aiiRirtilimM'lB tut) VHflliuS'LMdlses thiaffivision of 

the Vegetable "Ringd e ni -re(}wire micrea o epia«i wv s atiga tionj iut ceita* 
broad ^tinctions may ba-loid-down, Buffimmit &rUhe general discrimi¬ 
nation of the classes in the more perfect forms. l^Jower forms of the 
three classes of Thallophyta approach veiy closely m their characters, on 
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account of their great simplicity of organizatiot, which excludes the 
possibility of many diiierential characters. 


Fig. 402. 



Alpw.—A. Oieillatoria avfnmnalui : mitpert from thn dhralh, ft (ma^ 300 clia- 

mot«rfl). *B. PedumfruM Bw^uhum; 6, Ommarium (200 

dium.): c, C?cMt/mi(mXvi)«^(:K)diain.); 4. Clottferitnii attrtHtnvi in (wtynpition, with th« 
ivNoltin^ n}H>r<t (200 diuxi.). C. Owfomy/^fe: JJU/foma wftjare; end vi«‘W of a cell 
(20(Miatii.{> X). Volm>ciits<B: Pandoriiitt JUofum i\(i0 diam.), E. iiotr^diuin ffranuiatum 
(16 diom.). 


Glass L HTDEOPHYTA oe ALG^. 


544. ftT-mr^nannrnna Gryntognma ^YMi jHiilllitir^ W 
exposed to the light, extremely vambloin size, form, colour, and 
texture, free or attached by root-like organs, somotimcB unicellular, at 
other times having a branched pseudo-stem and leaf-like appendages, 
sometimes of large size, but exclusively cellular in structure and 
destitute of stomata, H-^tt^divisio^ of-cells 

forinftf|iiiTi nf r* 

ires, effected 


.a. format ion 


f 




crGsraisTRi' 


,^-ai^fflP8i«Igf,ff.B-^fgrent 
Bpores n ^p^^ess. so^tarv. or in erou na of four 


in^mnj^ejgoruju^ 

The most finuiliar examples of this Class are the Seaweeds; but it also 
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includes a nuntb^ of plants found in fresh water and in damp situ¬ 
ations, many of which are a!to|jethi» of microscopic dimension^, and in¬ 
visible, except in quantity, to wic naked eye. 

The lowest forms, the 'Palmellea;, consist of simple cells, of most varied 
shapes, usually found connecttMl together in detimte or indeiinitc masses 
by gelatinous excretion or products of the decomposition of the older 
ei'Us (fig. 41W, U, a). The individual cells, each often representing a dis¬ 
tinct plant, are characterized by a wonderful diversity and, in certain 
families, beauty of form, ns in the Desmidiece and Diatmiumee (fig. 4t32,11, 
(1) ; sometimes, as in the Volvocineic, they are provided with vibratile 
cilia, and exliibit an active spontaneous mothni (fig. 402,1)). As a rule 
their colour is green* an important exception to this being formed by the 
Diatnmaeete, which have another special peculiarity in^the existence of a 
siliceous depofdt in their walls, which remnms a.s an ind^truetibl c ^el fto^ 
after the detiay of the organic matter of the plants. Some of these lower 
Alg:e are found of red c-olour; but in many cases, at l(!nst, this colour is 
only characferistic of certain stages of growth of kinds which are green 
when vegetating actively. It is very probable that most of these so-ci^ed> 
unicellular or pscudo-uniccll ular A l gie are really not independent or^n-. 
isms, but stages of gFhvTOt bfWnlEiWfliPplnnt, porliap of much higher 
structure. Thus there is it’ason to think that tneso unicellulff'b'wiS 
may not only be stages in the development of Lichens, but even of Mosses 
(sue p. 422). One remiukable point in their history is the length of time 
they will persist unchanged ; but >mder altci-od circumstances it would 
appeal' as if they were developed into Licliims or Moases. 

A step forwai-d in complexity of organization is made in the filamentous 
Algm, composed of cylindrical cells attached end to end, and thus forming 
long jointed tubes, eitlier rimple or more or less branched (fig. 4155, A, (.'■)•, 
the ronfwvoideie and their allies, the “ silk-weeds’’ of freshwater pools, 
ailbrd familiar examples of this structure; these grow at the extremity of 
the filaments, or intcretitially by all the joints elongating simultaneously. 

The Vleeee have a thallus where growth in breadth is added to that in 
length; some of them also acquire a certain thickness; in this way they 
become leaf-like expansions, of membrimous texture. They grow by ad¬ 
ditions all round the margin of the anterior part, often lobed or divided, 
but of bomogenuons tissue throughout; the 10 ^ and dimensions of the 
thallus become more or less detimte here; t he col our is mostly green, as 
in the CanfervsMete. ■’* 

Tho*ited Seaweeds or Hhodo^rmese exiubit almost every possible 
form'beWCen thal'of ’fKe branched filainenCSus thallus and that of a highly 
compound or dissected leaf (fig, 4(5.‘5, A), or a shrub-like collection of firm 
branches; and moreover tho texture of the thallus varies from a simj^y 
membranous to a cartilaginous or even horny substance, caused by greater 
development of tho c.elluliir tissue, which in the higher Mnds exhibits a 
.dtetiigsripn between the cortical or.e.pidermallayer and the internal spongy 
. parenchyma, ^e Corallines, which belong tq this group, acquire a stony 
character &om the deposition of carbonate of lime in their cellular tissue. 
The coloure vary in this Order; they are red, piu^e, brown, olive, &c., 
but never pure green, likoThe Confervoida."' 

The OLve^mouxed fllkweeds, including the Fn meesB [of wMch the 
'‘Bladder-wrack” is the commonest example), e^jPllmers ol veiy difierent 
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organization, the PhreosporeoB and Dictyotacese, exhibit a similai grada¬ 
tion of form in the thallns. The lower forms of Phaiorooreie present 
tufts of branched iilanients; UwJiigheciiajvis of those, and. the Fucacoii!, 
have thick leaf-like or stem-like fronds of firm texture and sometimes 
enormous dimensions; many of them have a shrubl^ habit of groadh, 
and attach themselves to stones &c. by discoid or branched expansions 
from the base, resembling superficially the roots of the higher plants, but 
having no similar function or anatomical character. The thailus of the 
larger fonns is highly developed as to its tiasue.s, having a diet inct cortical 
layer; but the structure is strictly cellular, without a truce of woody fibre 
or vascular elements. The colour is here usually olive, bro'wn, oi some 
dull tint of green-brown; never bright green, as in th(! Confervoids. 


_which can omy be treated of very generally here, ns inniiy o 

em involve the neeeasity of a thorough knowledge of the elementaiy 
structure of plants. Those matters will be again niferred to in the Phy¬ 
siological 'part of this work. 




pliSition of all Thallophyta. 
nomenou. and one illustrating 
|ene!!yof the thailus. 

The’ lowest forms multiply by dividing into a number of cells or grains 
;(rhich grow up to the dimensions of the parent: this occurs as the ordi¬ 
nary mode of growth, hei-e confounded with repniduction, in the Pitlmelko' 
(fig. 4(15, B, (I, h), lieitmdkff., Diatmname (fig. 4(12), &c. 

In some of the unicellular .iVlgfe, as also in the Confervoidero, a proceas 
wiled “ conjngationj,’ occurs, which is by some considered a sexual pro- 
ciws, while others look on it as a more mmi of bud-growth. Two cells 
come into proximity, a communication is established from one to the 
other, the contents of the one mingle with those of the other, 0114101111 a 
spore (tig. 4C2, B, d). 

But another still more remarkable form of vegetative reproduction 
extends from these up to the highest Algio, namely the reproduction by 
zitmport>.». This consists in the cimvendon of tlie semilluid contents of 
individual cells (the endocliromc) into distinct corpuscles, and the; ex¬ 
pulsion of these from the thailus by the bursting of the parent cell-mem¬ 
brane (fig. 465, C, rf); ■’ . 

Coloured matter, ex 




sbmeiimcs spoken of as the “lgat|yj||^’’ The cilia are excessivemninnte, 
and Vftry in number in difterenTgenera; sometimes the whole surface 
of the zoospore is covered by them. These zoospores are usually emitted 
at a fixed hour in the morning, as the result of an endosmotic action which 
causes the ceU-waU to burst and set free the zoospores; sometimes before 
their liberation they are seen to conagegate in one portion of the cell, and, 
as it wort!, to strike ^fainst the cell-w^l and cause its rupture. Their 
activity seems to be directly dependent on the influence of ^ht. After 
moving spontaneously ibr some time, the zoospores lose their cuia, become 
encysted, and grow up into new th^ In some Alg», moreover, there 
are two sorts of zoospores—^large ones, called and smailer 

ones, called^iym^mpljiA Prinp^sheim even drambesTlam of zoospore 
wbiwlias ffiOacui^^Kiaaining dormant for long periods, and even of 
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rcsistiiiff desiccation for several months, at the expiration of which time, 
if cireumstanccB be fiivourable, it ^nuinates and mnus a new jdaut. To 
such zoospores the mime of |^|^jja|||^|^has been given. Tlu> fbrma- 
tion of zoosporas may tahe pBcW^n^w all of the cells of the Ihallus 
of the lilameutous and foliaceous confervoid; it occura in certain definite 
parts of the Ihallus of the Phteosporeie, where there is a diiterence in the 
constituent tissues. It has not Men observed in the ll(;d Seaweeds or 
the Dictyolaceiu—^where, however, a distinct hind of organ is found, 
colled a tr/ruii/mre (hg. H, c), which appeaa’s to be the representative 
of geniiniparous reproduction,—nor in Fucaccie, where tho only hnown 
kind of rapiinliictiou is by se.vual oi-gaus. 

Sexual reproduetiiiu baa Ixien made out clearly in Algae belon^ng to 
the Confei-void and Fiicaceous ginups, and rec.i'ntly in the Khodosponuc®., 
^Tio Pha'ospore.a'' at pri'sent arc only known to produce cdoijioivii. "The 
essential phenomenon thioiighout is the emission from an authmdimi 
of antherozoids which are endowed with a power of locomotion, and 
ultimately come info contact with a cell, which, in consequence, develops 
into a spore, which may lie one of tlic ordinary' cells of the thallus set 
apart for ibis pmpose, or may be cuutaiued in a special finiit. 

In the Uonfen-oidoas, where the spores' are developed from ordinary 
cells, there ara no special reproductive organs; the spows forme'd’in th8 
Liipragmitcd cells acquire thick coats (tig. -Wo, A, c, t/), usually assume a 
red or brown colour, and are set fn'o by the decay of tlie parent cell. 

In the Puriu;e:u the friictiiication is limited to definite parts of the 
tbidlus. In Furtm or JIalulri/i/ (tig. 404), which may be taken as ex¬ 
amples, the rcprodnclh e stnictures are formed at the ends of the lobes 
of tlie thallus. Extonially the lobe (culled the rjeegntoeW presents a 
thickened appearance, marked with unnierous diatin^nnee8(ng.4(i4,«); 
tlic.se orilices lead to chambci's imbedded in the thiekucss of the tliaUus 
(eallcdixjngjlj^l^jkjg^li), hearing on their walls ccllnhir .-^les of two kinds— 
one, tn^Mge^^erc-wes, c), eoutaining the spore-genus, the smaller 
(mitlwn'dia, v) eoutaining iqirnntriosuuh (j^ or iiupn'giiating corpuscles ( 
both kinds of sac biirat and dischoigu tliuir contents when ripe, and the 
spores are fei-tilized and encysted-while swimming freely in tlie water. 

'llie Khodospci'mea^ and Dictyotaceie, besides tetrav^tv&s, have gpore- 
mm and aiUhendia, mostlv cidlected in “ fruits ” of definite form, some¬ 
times in patches or lines (son) on the surface of the thallus, like the sori 
of'Ferns, sometimes imbedded in'defiuite grdu^^'in its substance (called 
/accl/ccj^nielimes projecting more or less from the surface or margins 
of the thallus (tig. 4(5!'{, P, d, E), when they are naked or surroundiid by 
a gelatinous or cup-like involucre (favrllidia, eoceidia, eeramidid). The 
aiMeridia are usually found nrmuged in groups in similar situations 

» . 403, F, a); and tho tetraymes are either scattered or collected in 
ts analogous to those containing the spores and anthcridia (tig. 403, 
E, c). The antherozoids are immobile, and fertilize tbo roorange by 
moans of a special tube projecting from the latter and caHedf the tricho- 
gytie.^ Transmrmed branches containing imbedded tetraspores are called 
slichiilia. The sexual organs ore often found on distinct plants, w,^ich are 
thus dioecious. 

_ Further deteiiis respecting the reproduction are reserved for the Phy- 
nolopcal portion of tms work. The definite characters oT the Orders of 
Algae are subjoined. * 
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645. Harvey divided the Algie into 3 groups, which he named, 
respectively, Chlorospcnncsc or grccn-spored Algro, Melanospcrraem 
or olive-spored A^j^rn, and or red-spored seaweeds, 

the subdivisions being thus founded mainly on the colour of the 
spores. Hocaisne’s classification nearly coincides with that of 
Harvey, so far as the limitation of the group is concerned; but it is 
formed on a more philoso])hical basis. As modified by Thurct, it 
stands thus:—Zoosporeoc, with moveable spores; Aplosporcas, with 
green or brown motionless spores; Choristosporese, with red motion¬ 
less spores developed in fours. , 


Order CLXXTV. RIIODOSPERMEvE or FLOlllDE/i:. 
Red Seaw'eeds. 

Class. Algte, Eiull. AH. Algnles, Lindl. 

546. Diaijmsis. —(Fi". 403.) Marine Algic, mostly of red, purple, 
rarely olive or brownish colour, with a thallus either foliaceous or 
of branched filaments, sometimes incrusted with carbonate of lime. 
Reproduced by .yores (e) formed in special sporangia, which are 

Fig. 4C3. 



Orgsniuiioa d !RhodoBpcTme«:-<->A. Fait of tk thallna or frond of Laureneia pinnaUflda 
B. A mamfled fin^ent of » lobulfi with rtiohidia oontaining tetraq)oroB like e, a more 
magniflea flffnre* Lobule of the frond bearing oemmidia or Bpore-oonoeptaolea: d* the 

tpoTM. E. Bporeafirom the Baxoe, more magnified. E. Lobole a firond bearing anthe- 
iuia,a. 


GTIUSOSPOIUTS, 


^3 


-cither superficial or plunged in the frond, and contained -within 
sjuAiial cavities or “ conceptaclcs” (n) of varied form. Tlic sporangc 
is luovidcd with a special tube, or by means of which 

it is fertilized by the anthcrozoid ; accompanied hj antherUUa (v), 
containing a single motionless untherozoid without cilia, and by fetra- 
spores (b, e), collections of 4 cells formed in special iiarent cells in 
similar situations to those of the spores. 


InnusTBATivE Guuhha. 


Slubord. 1. lliioi>qMBi.:u.u. 
Illiodomcla, ulf/h. 
l’olysi]>bouia, (/r/'r. 
Subord. 2. I.AuitENCiuju. 
bam-euciii, Zniiu. 
(’liylocliidia, (irev. 
Suboivl.CoaAi.i.iNKAi. 
('orallpia, Toiinief. 

, MtdulKtsia, iMmx. 
iSubui-d. 4. Dki.kssekif.^. 
Delcsscria, Jmiux. 
1‘locamium, Orev. 


Suboiib fl. Ri’iiJtenococcBJB. 
I’locnria, JV’em 
Spliierococcus, Orev. 
Suboivl. <!. CllYl’TONEMIKAE. 
Phyllophora, Gret>. 
Oboiidrus, Orev. 

Siibord. 7. CEaAMrF.A5. 
Callitlinniniou, Lyngb, 

(Iritlithsia, Ayh. 
Ccrumiiim, Adam. 
Subord. 8. I’oHPiiviiEA!. 
I’orphyra, Ag/t. 


AfflnlUos. —In spite of the varieties of fonn prestmted in this Order, 
there is so close im essential iigi-eemeut in their organization that they 
distinctly appear us members of one natural group, with chai-acters whose 
value is oidy equivalent to that of some of the subdivisions of the groups 
I’ucoidefB and Coiilervoideiu of Harvey and others, with which they are 
a-»ually placed nurnllel. The i-haraeter of the spores setaus to be the same 
throughout, although the fruits in which they ans contained otter several 
siurcossive degrooa of complexitv: Wiefavclhe of Cmtmletf, and the/cfwJ- 
lidin of Uigploiu'inmii, immersed or sup’erlicial groups of spores surrounded 
by a hyaline coat—the eoecuiia of Uelrttseidife, hollow utses -with thick 
membranous walls, containing a dens(! tuft of spores arising from a 
(M'litral peduncle—and the cmniiidia of Polgiiphmiia &c., ovate or um- 
shaiMil cases with thin and membranous walls, having a tuft of spores at 
the bas(>—all these are but slight modiiications af one (the concoptacular) 
kind of fruit, which produces the ti-ue spores. The various modes of 
arrangement of the telrasgorm, which appear from Priugsheim’s observa¬ 
tions to be goiiidia, or gemmulary bodies, since they grow up at ouce into 
a new thollus, while the other smi-es do not, the scattered arrangement, 
the sort or detinite groupt), and.the MiehUlia or metamorphosed branches 
enclosing tetraspores, liave a like relation; and an analogous relation runs 
through the modes of arrangement of tlie anthm'idia, which, it may be 
mentioned, aru rarely found in the same individuals of the spocies as the 
spoi-cs. The anthendia discharge minute spherical corpuscles, to which 
tlie best observers deny the power of active motion, as is the case in 
regard to gpenmdia of .Lichens and Fungi; but they are generally 
supposed to have a fertilizing function (see PHYSiOLoav). The simpler 
forms of thallus occurring in this Order relate it to Ulveee and CouferwAAea, 

* tJ 
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while the existence of tetrasporcs, globular spores, and antheridia in the 
llictyotaccsB makes that Older fomi a direct transition to the Fuc^'ese. 
The mode of fertilization, by means of the antherozoids, and the tricho- 
gyne, is described undertte head of Reproduction. 

' rartribution.—The Red Seaweeds are generally diffused, but diminish 
from warm temperate latitudes both to the equator and the poles. They 
occur in deeper water than tiie t)live Seaweeds, and below tide-mai-ks, 
flourishing best in qiuet bays. 

QnaUtlcB and Uses.—Tlie abundant gelatinous or homy substan<^ of 
the thalluH of many kinds, composed of a modifleatiou of cellulose related 
to gum and stanih, renders them nutritious; Chmulrut critpm is the 
“ CaiTageen " or Irish Moss ; Wiodynu’mapalmata, L idtea edulis, tmd other 
plants of the Order yield a siiiiihu' exciJlcnt jelly when boiled. I'locaria 
tnin.r is largely u-sed by the Chinese for innUug glue. Some have pun¬ 
gent qualities, as Laureiteia jmiutfijida, called " Pepper-dulse.” I'loraria 
JtelmmHuHdturtoH, Coi-sicaii Moss, bus the reputation of btjiug anthel- 
miiitic. The Condliiiece, iiiclnding common Corallines {Corallina u^ci- 
wditi) and “Nullipoi'es” (Mdidiesm), long supposed to be of animal 
nature, are very curious on luxiount of their complete inteiqieueti'ution by 
corbouatu of lime, giving them a brittle and sometimes stony character. 

(1)1CTV0TACE.I5 are olive-eoloimd Seaw'eedswith a continuous thnllus, 
beoi'ing the reproductive organs in definite gioups or lines (*(«•*) upon 
the surface—^the spores, tetnispores, and antheridia being all deiVloped 
in an analogous manner from the cuitind layer, bursting thi-ongh its 
cuticular pellicle. This small Onler is included by Decnisne in the 
Setrtioii J.amiiianem of the Tribe Aplosporere, but has been shown by 
Thm’et to he quite distinct from the other Olive-eolourud Seaweeds; it is 
very interesting ns piesenting, in a special* condition, exa(;tly similar 
snores, tetraspores, and antheridia to those of the Rhodospemieie, wliieli 
tney thus connect with the Fneacese, with which they agi-ee in habit and 
were formerly combined. They belong ratlicr to wanner localities, and 
»W3 more delicate than the Fueacem, sometimes, as in I’ndina, exhibiting 
attiactive colours. They are of noknomi use. Genera: Zlictyoto,Lamx.; 
Uwtyoptei-u, Lamx.; Tadnia, J. Ayli. ; Fadiua, Adam.) 


Okdek CLX:5CV. FUCACEJS. Sea-Wkacks. 

CUm. Algir, EntU. All. Algales, JUndl. 

547. Diat/notis. —(Fig. 4G4.) Olive-coloured Seaweeds of gelati¬ 
nous, cartilaginous, or homy texture, with a foliaeeous or shrub-like 
or cord-like thallus, attaching itscK to rocks by a simple or lohed 
and ramified discoid bfiso; fructification in receptacles formed out of 
lobes of the fronds (a), the external surface of which is pierced with 
orifices leading to chambers (eormptacles, h) lined with filaments 
intermixed wth spore^acs (f) or filamentous antheridia (c), or both 
of these; the olive-coloured spores 4 or 8 in a spore-aoc, from which 
they escape when mature, and are feitilized by the active 2-oiliatcd 
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Fig. 404. 



corpuscular spcnnatozoids (<?) after 
they are detached from the parent. 

IixusTBATivii Gbxkha. 

Sorgnssuin, Jti/mph. 

(’vstoseira, At/h. 
ifalidrys, Li/iifih. 
liimaiithnlia, Lt/uffh. 

PycnopJivcus, Kiito. 

Fiiciis, /j. 

• 

AfflnltleB. —Borne of the filaments lining 
the c.oufi'plBfles become, after a time, 
swollen, and are filled by brownish mat¬ 
ter ; tills bvown matter is developed into 
2, 4, or H spends, Avhieh cscapu from a 
small orifice at the apex of the concep- 
tiude, through which also subsequently 
pa.sH the tufts of sterile hairs which do 
not undergo metamorphosis uito spoi-es. 

Bometimes tin* outhendia are piesent in 
the same eouceptacles ns tlie spornuges; 
or they are borne on a separate plant 
(diu'cious). Tile antheiidia consist of ^ , 

ovoid cells, some on branehod tiireods ' ' ' 
and containing a whitish mass, inter- o.^!*uticm of Kncaooffit-A. mmrf> 
spersed throughout which are n number Miquonu. half thr nat Bizr: a, )io(1b or 
of red granules. The antheiidia ai-e no' Ptaclw ». action thr^Bli nu-ep- 
. . I r 1 'll j* tackle, ttnowiDtf tno mouth of tt 

eji'cted ihrongh the orifice of the eoncep- taol.', tli« cavity of which is lined fiy 
t^ie, and themselves give, exit to lllinie- nntheridiatejprododugapennatoioiiB 
rous autlicrozoids, each piwided with a Bpore-BooB («>. 

couple of extremely fine cilia, and containing a red granule. According 
to onr present knowledge the Fneaceas are strikingly separated from the 
other Olive Seaweeds—from the Dictyotacese by the absence of tetraspores 
and by the ciiaracter of their autheridia, and from tho Plueosporeie by the 
absence of the iwirodnctivo zoospores mid by other points of organization. 
They appear to be allied to the Ooufervoid forms, through Phasosporeie, 
more closely than to Rhodospermem; but their reproductive organs are 
formed on a higher type. 

Distribution. —Universal; especially found on rocdcs between tide-marks, 
or, if glowing in deeper W'ater, buoyed up to tho surface by vesicular 
floats; very large in tiie Soutbeni Ucoan. 

Qualities and Dsea —^I’he ^latinous substance of which tho thallus is 
composed renders some of tnese plants avaihible os food for man or ani¬ 
mals where butter productions are scarce j hut their chief value is as a 
source of iodiue, extracted from the “ kefo ” or ashes, which were for¬ 
merly on ini^ortaut source of soda also. The thm are also largely used 
for manure in maritime localities. Saryimum bacciferum fonns the 
celebrated masses of “Gulf-weed” in theAtliuitic Ocean. Fttcusved- 
cidoMu, the common Bladder-wrack, grows everywhere on our coast 
between tide-marks. • 

u 2 
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Oedee CLXXVI. PHJEOSPOREJS. Olive Seaweeds. 

CUm. Alg'8B, EtiM. AU. Algales, Imdl. 

548. Dioffnosix. —Olivc-coloEred or brown Seaweeds with a foli- 
aceoTis, shrubby, or branched filamentous thallus; reproduced bj*^ zoo- 
spores, having two cilia, one directed forwards, the other backwards, 
formed iti chivate cells or multicellular filaments, collected in more 
or less definite groups on the cortical layer of the thallus of the 
larger kinds, in lateral tufts or terminal en the bbauched filamentous 
kinds. 

iT.LrSTEATIVE GeNEEA. 

Chorda, Starkh. Piinctaiia, Grrv. Hctmmrpus, Lyntfl), 

Jjaminaria, Lantx. Desmuivstia, iMmx, hlyrioneran, Qrev. 

Biclyosiphon, Grev. Myriotricliia, Jlarv. Leathesia, Gray. 

Affinities.—This group con-esponds to the tribe Larainarieio of the 
group Aplosporeaj of IJecaisne. Tlie genera included in this Older wilh 
highly developed thallus approximate to the Fncacese, with whi(;h they 
are souielimes associated; but it has keen discovered by Thuret that the 
so-called “ spores ” are sacs producing /.oospores, which germinate and 
produce new plants like those of Confervoids; they are distinguished, 
however, from the soospoi-es of tlmt group by the arrangement of the 
cilia, whieh are here two in number, unequal* in size, and take reverse 
din'ctious as they leave the body of tlie zoospoin, resembling, in fact, the 
fonn exhibited in the sperinatozoids of J-itcm. The size and number of 
tiu! zoospores ai'e not constantly tlie same in the same plant; and in dif¬ 
ferent cases the oigans producing the zoospores ai’e large clavate sacs or 
chamheml filaments, the number oi‘ zoospores in a cell being either de- 
iiiiite nr iudutinitely great, on account of more advanced si’gmentation of 
the c^mtents. The mode of reproduction and the forms of the thallus in 
su(;h genera as Heloearjnts &c. bring this Order very near to the Con- 
fervoideae. Much obscurity still prevails here, since autheridia cmerist 
until rt'production by zoospores in Cutiena, and appear to exist in Upha- 
cehn'a and Cladodephm, which also reproduce by zoospores. 

Distribution, QnalltieB, &o.—Much the some as in Fucaceie. Lanwiarm 
diffitiita and mcr/uiriiia ai'e eaten (under the name of Tangle) on the coasts 
of the north of Europe, as also is Alaria mndenta. 


Oedee CLXXVII. CONFERVOIDE.®. Silk-weeds. 

Claen, Algae, Until. All. Algales, IMl. 

549. Diatfiiom. —(Fig. 465.) Plants with a filamentous, mem¬ 
branous, gelatinous, or pulverulent thallus, growing in fresh or 
salt water, or on moist substances, of a bright green or, more rarely 
(oRen temporarily),gxid colour, reproduced by zoospores discharged 
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from the ordinary cells of the thallus (A, d), or by spores formed in 
these ccUs after impregnation by combination of the contents of 
two colls, either by conjugation (C, e), or by the transference of 
spermatozoida into the parent cell of liie spore, the spores (C, d) 
passing through a stage of rest before germination. 


R)?. 465. 



Oi^^anixation of CcmfciroiA Al^ :-^A. Filaments cf Spirogyra gttintna i a, in natural condtUon 
(modified £0 diameters) ;o. twofilanif'ntaeoigupiting; e, a spore formed in one eell from 
tUtt miZ(>d contents; d, a froe six>re; e, the same germinating. 13. Pratococnttt mrtdis 
(inimn. 200 diametf'rs): a, a group of oelbi cohering by udly-Iike matter; four cells formed 
by (UTinon of a cell of a, and two aooB|>ores escaped from one of the cells, subsequently 
mottling down os resting-uells, e. C. Cludoohura glomeraia : o, filament^ oaturu sixe; 

6, the top of atimnehed dlament, magnifital; c, cells about to form xoospores; d, the same, 
¥nth the xooBpures escaping from the upiKurmost cell; «, xoospores geminating into new 
filaments. 


Illustrative Genera. 


Codinm, Staekh. 
Bryopsis, Zamx. 
Vauchena, DC. 
Botiydium, Wallr. 
Drapamaldia, Bon/. 
(Edogonium, Lmk. 
Spirogyra, Dmk. 
^hasroplea, Agh. 
ColeochsBte, Br&i. 


Ilydrodictyon, BioOi. 
Ulva, Agh. 
Tetraspora, Dec. 
Nostoc, Vouch. 
Botiydina, Brib. 
Clatntocystis, Mmf. 
Palmella, Agh. 
(Achlya,_JVlse*.) 
(Chytridium, Al. Br. 
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AfttnWefc—The specialities of the very multiform group represented by 
the above list of genera can scarcelv bo dealt with in a work like tho 
present; and, in fact, our knowledge of the essential characttirs of the plants 
18 at the present time undergoing a thorough ivconstruetion. In the defini¬ 
tion of the group of Confcivoida hens, tho ()scillatoiiacete and the other prr~ 
mnnenU;/ active forms am excluded. The Oscillatoriace.ai are organixod in 
a very dillorcnt wav from the true Confervoids, while till lately it ha.s 
been doubted whether Diatoimceai, Dfumuliete, and, above all, Voivocinem 
are ovtm vegetables at all. Tho (?onfervoid.s proper are mostly vory 
simple cellular oiganisnis, with chlorophyll and starch in the cells while 
they are actively vegetating; tho majority discharge, tho cell-contents in 
the shape of one or many active zoospores', with 2* or more cilia at a benk- 
like ^xti'omity, or with cilia all over the surface ( Vnwherin) ; besides 
which process, sexual repi-oduetiou has Ijeen observed in Ziji/nfim by co«- 
JwiatioH, in (Eiini/miium, SiJiet-roplett, Vaiirhm'a, Sidbocfiiete, &c. by sper- 
luatozoids derived from one cell entering tho cavity of the jmrent'cell of 
the spore; and in all probability this will be found ^'iieral. Tho. mode of 
fertilization will be found deserilied under flic head of Physiology of lie- 
production. The spores formed after fertilization become encysted in a 
firm coat, thrown olf in germination, which commonly ensues only aftKir 
a long interval. Tho Palmelhee are forms not yet well explained, composed 
of. solitaiT cells imbedded in a common mucus j they ujipear to stand at 
the lowest point of oiganization in the Vegetahle Kingdom, if they be not, 
like tho “ Yeast Plant'' and similar conditions of Fungi, stages of growth 
of higher fonus. 

Tho genera above grouped by Professor Ilonfroy under the head of 
roiifervoideni aiu more naturally grouped by Pecaisne mider several 
distinet sections of varying degrees of importance as follows:— 

1. Coii ferra;, comprising plants cou.sisting of lubt!S or cells containing 
ovoid spores provided with 2 -1 vibratile cilia. 

_ 2. Uiiietillidarcs. Plants consisting of a single cell producing numerous 
ciliatxd spores. 

3. (Euogoiiieee. Filamentous AlgiC, producing spores either by the ag¬ 
gregation of tho groen colouring-matter of the ccU into a spheroidal mass, 
which escapes from tho parent cell by a special aperture in its wall, and 
is then seen to be provided with a crown of vibratile cilia, or as the result 
of sexual agency. The antheridia consist of filaments, each cell of which 
contains 1 or 2 spermalozoids, which escape by tho lifting of a lid-like 
valve of the (»ll-wall and fertilize the spore as above statei ■ 

4. VmieherietB. Unicellular A IgiB, producing two kindb of reproductive 
organs—the one resulting from the concentration of the green matter at 
the extremity of the filaments idto an oval active spore covered with dlia, 
the other formed as a result of sexual agency. Tne antheridia appear in 
the forni of small horns placed in the proximity of ovoid sporangia. These 
antheridia contain numerous extremely minute spermatozoids, which es- 
caping fertilize the sporangium and determine the formation of a spore, 
which does not germinate immediately, but only after the lapse of some 
time. 

6. Softrohgniem. A group of imperfectly known Algss, resembling the 
Vaucherias in their structure, presenting rounded, moveable, ciliated zoo¬ 
spores and also antheridia} iiiament8,furtilizing certain spherical sporangia. 
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Thfise plants are, by De Baiy, regarded as belonpjing to Fungi, having 
similar powers of decomposing carbonic acid, and of living on drganic 
matter, such as the bodies of flies or even of fish. They wiD be further 
alluded to under the head of Fungi. 

(J. Symporea: or Conjmjatoi. Filamentous or unicellular Mgro, repro¬ 
duced by the process of conjugation. This group comprises the Desmidiete, 
of which further notice will bo found hereafter. 

7. Diatormcea. These are also alluded to in the following pages. 

Distribution, Qualities, &c.—Met with universally in fresh and hracldsh 
w.iter, some genera also on sea-coasts, growing on rocks, largo Alga?, &f.. 
.Some of them occasionally appear suddenly in vast quantity, colouring 
lakes green; or, as in the case of 7'nlmeUa nii-ttlix, giving ris(? to the phe¬ 
nomenon called “Red Snow.” PidmeUa cnmda often forms httge patches 
of substance like half-coagulated blond on damp stones and rocks. The 
green slimy matter of stagnant pools is mostly composed of interwoven 
mass(?s of filaraeutous Confervoids, which present most b(?autiful and 
varied fonns under the microscope. Vha (marine) produces large mem¬ 
branous fronds, which are sometimes eaten undi?r the name of (Ireeu 
Tjaver. 

(Osoillatoutack.’k. Microscopic filamentous stmetures, usually col¬ 
lected into patches of definite or indefinite form, extending by peripheral 
growth, compos('d of continuous tubular sheaths enclosing a green or 
brown gelatinous matter marked by transverse stria?, where the substance 
is divided into series of longer or sliorter pieces, often escaping from tin? 
tiilK?, ultimately resolved in reproduction into discoid fragments, which, 
when free, Imicouio globular. Tlio gelatinous “ core,” the vital part of the 
structure, is capable of a peculiar movement, which causes the free por¬ 
tions or e.vtremities of the filaments to vibrate like a pendulum, or with a 
slighlly venniform tmiUatiun, whence the name of the Order. Reproduc¬ 
tion by spores unknown. Our knowledge of the essential charaeteis of 
this Order is veryimpcrfijct; and the only mode of reproduction known is 
bv simple division ol the central substance of the filaments, the portions 
slitting out of the ends of the sheaths and soerciting a new coat of their 
own. Thoir peculiar oscillating motion is one of the marvels of Vogctable 
Physiology; they appear to be totally destitute of cilia. Thoir move¬ 
ments, and the nature of their central substance (apparentlv devoid of 
starch, and coloured by difterent matters besides cluoropbyn), seem to 
indicate a relation between Oseillatoriacen? and Diatotimeea, which would 
connect the latter with Confervoids. They occur in water, Ikish and salt, 
and on damp earth, everywhere. Oenera: Osallatoria, Bose; Micros 
aoleus, Desmaz.; CakOmx, Agh.; Bimdvpa, Roth.) 


Oedeb CLXXVIII. DIATOMACE^. 

Class. Algm, JSheZf. ASl. .^Igales, LindL 

550. Diagnom. —(Fig. 462, B, C, page 428.) MScroscopic unicel¬ 
lular plants, occurring isolated or in, groups of definite form, usually 
surrounded by a gelatinous investment, the tcells exhibiting more 
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or less regular geometrical outlines, and enclosed by a membrane 
striated or granular, either simply tough and continuous, or im¬ 
pregnated with silex and separable into valves. Eoproduction by 
spores formed after conjugation of the cells (<i), by zoospores formed 
from the cell-contents, and by division. 


Illustbativk GENItnA. 


Suboid.l. DES»iiDiBZB(flp.462,B). 
CM-mtmihrane witltoiU gilini, co«- 
taininq chlorophyll and starch. 
(ilosteriiim, Nifzsch. 
Cnsmnrium, Menegh, 
Knnstrum, Ehr. 

Pediastrum, Mcgen, 
Desmidium, Agh. 


Siibord. 2. Diatohea; (fig.4G2,C). 
CrU-membrane impregitaied with 
sihv, vahmlaiY cotUaitting a browti 
colouring-matter. 

Eimotia, Ehr. 

Diatoiua, DC. 

Navicula, Eory. 

Istlimia, Agh. 

Melosira, Agh. 


AfllnlHra, * 0 .—These organisms were formerly included among Infu¬ 
sorial Animalcules; but the vegetable chaiiicter is very strongly marked 
in Desmidiece; and the reproduction by conjugation, characderistic of 
certain tribes of Confen-oida, occurs not only in Destnidieir, but in Dia- 
tomete, which in respect to general organization cannot well be separated 
from the Dexmidiete, although the nature of the cell-contents has more of 
the character of what we are accustomed to regard as animal substance. 
The Diatomea are also remarkable for the way in which they divide by 
segmentation into a number of distinct frustules, each of which grows 
into a perfect plant. 

DlatribnUon, *o.— Dcxmidiea- occur in all quiet pools of pure water, at 
the bottom or adhering to other plants. Jh'ntomete are universally dif¬ 
fused, not only in intsh water, but in the sea and on moist groimd, in all 
of which situations their siliceous cell-walls cause their remains to accu¬ 
mulate, if left undisturbed, until they may fonni actual mineral strata. 

(Vpi.vociNEJB are microscopic bodies swimming in fresh water ly the 
aid of cilia arranged in pairs upon the surface of a common semigelatinous 
envelope, the pairs of cilia eacli belonging to a green corpuscle resembling 
the zoospore of a Confervoid, imbedded in the periphery of ,the common 
envelope. Beproduction by the development of each corpuscle into a 
new colony, the whole being set free by the solution of the parent 
envelope, or by conversion of the corpuscles into encysted resting-spores 
like_ those of Confervoids. These curious and beautiful objects, found in 
similar situations with the Confervoids, appear more closely related to that 
group of oiganic beings than to any form distinctly recognizable as mem¬ 
bers of the Animal Kingdom; the persistence of the power of motion 
thmug^out the period of vegetative life being the only animal (P)character. 
Genetic Volvox, Lam.; Pandorina, Ehrenb.; Stephanospheera, Cohn; 
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Class IL AEEOPHYTA. 

551. ThaillopliT^s growing and fructifying in the air, . rcnrodueed 
larvlaw of the thallusj 


Ordek CLXXIX. LICHENACE^. 


CUug. Lichenes, Etidl. AU. Lichenoles, LinM. 


552. IHagnom .—Plants usually of dry/ dead-looking aspect, con¬ 
sisting of a thallus of foliaceous or shrubby form, or of scaly, crus- 
toccouB, leprous, homy, papyraceous consistence, bearing local 
fmetiiication either in cavities in the thallus and opening ultimately 
by a pore on the surface (angioenrpous, fig. 466), or expanded into 
shield-like, cup-shaped, or linear projecting processes {gymnocarpom, 
fig. 467). lloproduction (vegetative) by gonidia, green cells at first 
hidden in the interior of the thaUusrnnd b|f spores,'4?a8T0!P a greater 
number, produced in tubular spore-sacs (asci, fig. 466, B), formed in 
the excavated or expanded fruits; anthcridia (?) in special excava¬ 
tions of the thallus (mertnogonia), producing minute stick-shaped 
corpuscles Q^rmatia, fig. 466, C). 


iLLrSTBATrVK GxNlCItA. 


Openapha, Pars. 
Ummlicaria, Hoffm. 
Verrucaria, Pers. 
Endocorpon, Hedte. 
Sphero^oTon, Pers, 


Cladonia, Haffin. 
Lecidea, Ach. _ 
Steteocaulon, SeArw. 
Parmelio, i^. 

Sticta, Sehreb. 


Cetxaris, Ach. 
".occella, DC. \ 
.malina, Ach. 
Evemia, Ach. 
GoUema, Ach. 


“liai 


The thallus of the Lichens mostly gro^ in exposed situations, as on 
rocks, walls, the bark of trees, &c., never immersed in water like that of 
the Alra, hut receiving its supply of moisture from the atmosphere. It 
varies Irom a pulverulent or papillose crust to a leathery or homy folia¬ 
ceous expansion (fig. 467, A), or tufted shrubby mass. In the crust-like 
forms it adheres firmly to the supporting object; in the foliaceous and 
shrubby forma it lifcfree, and spreads more or less widely from its.^int of 
attachment. In all but the simplest forms it exhibita-eertauudiuerencea 
in its internal and external tirauea; the thallus has a firm cortical layer 
above and below, between which, more or less developed in different cases, 
ia a central looser mass composed of interlacing c^ourless cellular filaments. 
Among the latter oedtar gpreen celL^ called gemaia, which are capable of 
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reproducing' the plant') vepfetatively when set firee. The cells of the cor¬ 
tical layer do not contain chlorophyll, 

and are usually dry, homy, and of a Fig. 4G7. 

dull grey or brown colour. (Crystals \ 

of oxalate of lime are often inter- _ r cj*. 

mixed with the filaments of tlie cen- Fig. 4fiC. 


layers. 

The fruiQ of the Lichens^occur as 
fSodifications oftwopTiicipnltypes;* 
the jhMjs f guoffwa^ fig. -i(>7) and 
the h--4G<l). 

The penrnmaare^nJwnoers excava¬ 
ted ill thiclfened parts of the thalliis, 
or ill special hranch-like lohes (fig. 
4(Ki, ff), opening externally l>y a pore, 
and lined by tubular sacs, the paii'nt 
cells of the snores or Mcfw (11). 


These thecas contain usually a row 
of spores (4 or S, or sometimi's a 
larger number'), which escape by the 
thecas bursting, and-are discharged 
from the orifice of the conceptacle 
or fM'nt/u'rium. The spores are veiy 
variable in size, and consist of two 
layers, an find an 

the fomieffiur^d blue onTlie mldi- 
tion of iodine. When the sport's gor- 
niiniite they produce a filamentone 
thallua. In addition to the above- 
named reproductive organs thero 
we others called ivhoso 

nature and office a " at prwent not 
clearly ascertained. They are like 
the spermogoniainform. and contain 
minute bodies called nf.iilrmuirej. 


Fig. 4fiC. 







Fig. ^6rt. A. Fertile branch of tlio thtillnii of 
flphttrophoi'oii a, n iM*n* 

tbf'fiiun, anil tt, Mperniogonia. R. Tni^cn 
and ]Nvmi)hyR<‘n from tiu* p(*rith(‘(‘hun. 
C. %>t>rmatiu from tJio apiTinogoiiinm. 

Fig. U*?. A. Branch of RinHu/hut fruJiunt, 
B. A frnmnont with aimthochi. C. A 
eeotiim of a fhignient m:tgniflcd, show- 
ing, ttf apotlieciiim, and «, spi'nnc^niii. 


The other form of fniit, the a^wthpaium ffij?. 407, C, a) consists of similar 
elements; but instead of being a (dosed chamber, it is a free open cup, or 
shield-shaped or linear body, seasile vr stalked on the thalliis, liearing the 
theefx exposed on its upper face. l'»iftei-enf names are applied by liche- 
nologisls to the various forms of the apdthecium, according to the general 
form, such as ppUrc, nciitrOee (fig. 4(57), fxilellee, lirell<e, &c. 

lichens with peritheeia ore cidled Angiocorpous, those with apothecia 
Gymiiocorpoas. 

Smiilier chambers, analogous in structure to the perithecia, hut lined by 
filaments producing extremly minute bacilliform corpuscles, occur in the 
thaHus of ■all lichens (fig. 4(17,0, s ); they are'ctdied and the 

corpuNDlat|mBmJ^; they are supposed to representm^enoN^amd the 
corpuscleii^posaess a fertilizing ninctk». 

Tj)e have usually been. •coBsidleTed motionless or-maui^ 

festing only the Brorrnian movement common to all minute particles^ 
orgamc or inorganic; but Itzigsohn and other botanists affirm that th^ 
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are endowedwith a power of movement from place to place, as in the cose of 
the ontherozoids of other Cryptogams, and also with a movement on their 
own axis. Ijortet ailirms tnst the spermatia, unlik^those of Mosses, 
influenced by induction-currents of electrioity; th» spermatia range them¬ 
selves in lines parallel to the direction of the current, as if polarized. 
When the current is broken, the spermatia disperse over the Add of the 
microscope. 

Affinities. —The relations of the Lichens to the Fungi arti c.xccedingly 
close, so much so that it is difficult to discover an exact line of demai-ca- 
tion between the .VngiocArpous Lichenes and the Pyrenomveetous Fungi. 
Some authors combine them into one class; but as a rule clilorophyll and 
starch do not present themselves in Fung^, wWlS the gouidia of Ijichens 
arc coloured green by chlorophyll and they contain starch, and are hemee 
coloured blue on the addition of iodine. Somtt botanists are of opinion 
that Lichens consist merely of the filaments of Fiinfn implanted on the 
tissue of an Alga. Others think that the 1-celled Alra, whose develop¬ 
ment is like that of the gonidia of Lichens, are precisely those gonidia set 
at liberty. Famintzin says that “ zoospores ” are produced fimn the 
gonidia of Lichens. Some of the Lichens are truly parasitic; but the 
majority are only epiphytic, when they grow on bark Sx. The tlmllns of 
Lichens has a groat power of absorbing moisture from the atmosphere; 
hence the plants are enabled to grow on exposed rocks and in other dry- 
si tuntions. 

Distriimtloii.—All parts of tho world, but forming a very large propor¬ 
tion of the entire vegetation in the higher regions of mountains and in 
polar latitudes. 

Qualities and XTsob.—M any Lichens are ve^ nutritious; a number of 
Ibcm yield valuable dyes ; ^me arc medicinal, others aromatic. Among 
the more important nutritious ’dnds are:— Cladmia rani/iferum, "Reindeer 
Mo.ss:” Cetraria idaiidiea, Iceland Moss, and C. Hivalis', Umhiliearia 
(various species), constituting “ Tripe-de-roclie ” of the North-American 
hunters; Leeanora emdimta (Tartary) and L. tifflms,- Sticta pidmotiaria, 
&c. From JjeemuMra tartarea, the purple dye called (Indbcar is obtained; 
Vanmlia parietitm, common on walla and roofs, gives a yellow colour; 
ItoccrUa Unetoria (Mediterranean and Ciuie-Verd Islands, &c.), M. fn- 
eiftirmiit (Madeira, Angola, Madagascar, 8. Amcrictfjl, and JR. hypom-cha 
are (hrchil-weeds, from which the dyeing material Orchil or Orchel is ob¬ 
tained— litmtts being obtained from these and other species of lioeeelln. 
Some species contain a considerable quantity of oxalate of lime in the 
form of crystals. 


Class HI. HYSTEEOPHYTA ob FUNGI. 

553. Thallotihvtes in of on laying or detjayinti; orptauio 

hg^uj|«|paa4 fcaefeg^ng in the^; Yeg^tive-PEg^-Or mvcBr 

drotitate of ohlorophjjtjB^ jtinrc^ 
s pores exter^ tg formcdjn, 

^ . 

The Fungi exhibit i^e greatest nmplidty and homogeneity m the vege- 
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tative Btnicture, and a most -wonderful and intricate complexity and variety 
in the oipans connected with reproduction, 'pie thalfua is dike in con- 
strjjctig^j^jdlFimji from the simple Milde^^ngreoH) up to the latest 
Sgaric (bg. 4«9). It consists of an assembl^e of branched, tubWar,- 


B 


A. Teast*p]ant Tegetating. B. Atpe^Uia fflaucus, 

C. Pemeiuium gk^um. D. Mueor Muo§do» 

Magnified 200 diameters. 



cellular filaments, containing no colouring>matter, and appearing in the 
form of simple filaments, or of fibres, or of membranes, or of griatinous 
pulp, or of globular tubercles; the latter ermdition, indeed, is but 
transitorr, and presents analogies vith the formation of tubers from which 
shoots uitimately spring. In like manner the globular tubercles give ori¬ 
gin to a filamentous mycelium. The clouds in decaying infusions, the 
“ spawn” of Mushi-ooms. the woolly or cottony masses on the roofs and 
-waUs of Cellars, the gelannous moss of the “ -megar-plant,” all present 
the same simple structure under the microscope, and oil exhibit the same 
indefinitely expanding mode of gro-wth from all free points; hence it re¬ 
sults that they have no definite geiisral form, and spread out moie or less 
' According .to extemil conditions, dvimt-awav by degrees in the 
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and aliut up in a 8ac.^j>cr^twgi()^alo™u8 to that enclosing the young 
Mushroom. The la^iiase proifiiceftasww^Jore^j .and thfise decay away so 
as to leave the spores free as a pulverulent.mass in the intenor of;ihe 
ball, which then appears like a leathern sac, and, hurstin^'3is!?iarg^'we 
spores in the form of a cloud of dust—whence the name of the plants. 

The family of whicj the Truffle is an example bear fruit beneath th® 
surftico of the soil i^j which they grow; and although they bear some re¬ 
semblance to the Piift-balls, their structure differs in essential respects. 
They also are globular or irregular intemr composed in like 

mnnne|^ of convoluted laininm, which gives a mamed appearance when 
they are cut across; but^J^ej^^l^jlljjjiJIili^]^^ '< jXOmJbgjr 

nmnUenramatemteoiTnesei^or to become free, dust-like 
es, but to bo set free by the rotting away of the whole parent moss. 
There is no peridixm in this case. , 

The “ spores ”»produced in the manner above indicated are probably 
more nearly analogous to buds than to reproductive organs formed from 
sexual agency. Accordingly as these sj^^'es ore formed within a mother 
cell or on the exterior, wo have the terms as in the Aitcomi/eetet 

or Pj/remmycetfK, or as in thtOsaMtuospoi'ea!. Berkeley dis¬ 

tinguishes the endosporeS^^jM^retaining the word jnoM for the exo¬ 
spores. The endospoius or s^HGaare formed in ope of ^f^rays^^ither 
by division of the par e nt.cell, .pr by the fonni ^o n of now daiighter cells 
vrithin the mother celf(free-ceU forniatioh), aswilrtehiorefuDy explained 
hereafter. * 

Iteeent researches make it probable that jgrij)gj|2£BS4j£ilfi£|jj^3s4Sfi^^ 
observed in Fmijri have different phy8iolofi®ninportanco!someonnem, 
called ffig. 4t!i^, A), appear to lie organs of vegetative propngHtion, 

like tre'^mdia of Licliens (p. 441) and tlie zoospores of Aigse f§ 648). 
Tliey exist in the form of simple, globular or ovoid cells, isolated or 
aggregated in masses. l)/ciiidia are small cavities or conceptacles con¬ 
taining threads, bearing ovoid or 8pheroid(|i,.cells_ called In 

some Fungi, moreover, as Peronospurtt, JjJjlp.syorA have 

been discovered, contained originally iifl^555lora".8®) which they 
escape and move from place to place by mgyns of cilia., ; 

Other of the stmetures nipt with among Fungi appear, to represent 
distinct sexes; thus, in addition to the sporps, usably so called, and Ihe 
“ sporidia,” the following have also been .observed ip various Fungi:— 
AtUl^ylia. or cystidia| of originally thr^Jike form, but afterwards 
dilated at Uie summit, and detached from the mycelium; the function of 
these bodies has not l^en definitely ascertained. consisting of 

simple, ovoid, straight, or curved cells, contuned witni^aconceptacle or 
spermogone, and thus presumed to have close relationship to, if not 
i lentitv with, the stylospores above described. Zj/gogjjfg^ rounded or 
oval cells, situated at the extjQW^ of “ filamentOT^rec^taole or deve¬ 
loped^ the sides of two auhdivisians of the same branch, which appro:^.* 
mate and join one another to form a cavify, or con¬ 

taining a single spore. This process, anatogouB to that cnllM conju^tira 
among Algte, has only been observed in S^gties and one or two other 
genera. Something of a similar oharacter has been observed by Tulasme 
in Petiza emfluent. ^onig un globular bodies, filled with granulu 




0TinrOBFOILS. 


447 


matter, which ultimately, after contact with the antheridium, formed on 
another branch of the name mycelium, agprre^ate into email globular 
maesea, or ITieso structures are found in Sitproloi/ni'a, a plant 

included b^oine under Algm, but placed by Do Barr in Fungi, and 
wherein small tubes like pollen-tubes may be seen passing from the 
antheridium into the interior of the oogone, and determining the formation 
of the oospore. 

As many of the bodies which have thus received a distinct appellation 
am, in all probabilitv, merely slight modifications of one and the same 
organ, it is very enibaiTossing for the student that they should have 
reciiivcd dillerent names. Dpubllcss, as the functions of these bodies 
become more clearly ascertained,'Crypto^raic bo'tii^ts will be content 
to follow the e.vamplo of those who study the higher plants, and call all 
organs cxwv.ising thi; same fmictions by the same general name, qualify¬ 
ing it ns may be necessary. The complexity is increased by the fact that 
one and the same s^Mcies may dcvelope at one time., or at difierent times, 
the various reproductive bodies above described, lienee numerous spe¬ 
cies and genera have been dcsin-ibcd ns distinct, having been founded on 
the pre.sencn of organs now kuq}yu to belong to the same plant in difierent 
phases of its existence. . 

Fini gi_live. for the most nyt, m dead or fl^pthpoti^ or ganic matter. 

S ' jmjjgaimi I lenco M. d^l^EyTImcRfFiingi into two Ulasses, me 

cninhvtea or gatg- 

accordingly inemselves to the surface or dovelope 

ves in tho interior of the tissues. The spore of the parasite 
genninatos externally, and timists the delicate filaments, formed os a 
ritsult of its gemination, through the epidermis, either through the 
stomata, or directly through the epidermis, as in the mould jrodiudng 
the I’otato-disease. Kach spwles of entophyte is peculiar to aparticiilar 
plant, and penetrates it at a deliiiiic iiioiiieht, and by an organ speciallv 
provided for the puroo.se. Thus De Baiy assiirts that the “white rust*’ 
so coninuoit. in. Crucifers is only intmdnccif through the cotyledons at tlio 
time o# genhihation. Epi p h y tical Fungi spread over the suiTace of the 
plant on which they grow, and attract the juices therefrom by means of 
very small dilatations of the filaments acting os suckem. Other para¬ 
sitical fungi affect animals, sometimes os a ipsult or consequence of ill- 
health, while at other times the fungous growth itself causes the disease, 
08 in the “fungous foot” of India, the silkworm-disease, &c. 

554. Tho classification of tho Fungi is a subject of great com¬ 
plexity, and, from tho. multitude of forms, and the variety of con¬ 
ditions exhibited under each typio, it is extremely difficult to establish 
really natural groups with definite characters. Many systems exist, 
almost every writer who devotes especial attention to these plants 
modifying in some way the systems of Ms predecessors or contem¬ 
poraries. It seems evident thrt we cannot rely on the condition of tho 
spores alone for tho discrimination of hlrgo groups, and it is scarcely 
possible to classify by the polymorphons fruits; hut the conditions 
o£ .the fruits seem to us the natural- basis for; tho classification here, 
where the thahus takes the some simple form of a cottony myceliam 
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throughout the entire doss. In De Bary’s classification, which is 
the most recent, the Fungi are divided into four main subdivisions 
and thirteen secondary ones as follows:—!. PhymmfuHtft induding 
tho Saprolegniem, Peranosporm, and Mwcorinecr-; 2. Ilypodermece, 
including tho Vredinea and UstUagmea-, 3. Basidiomyeetes, com¬ 
prising the TremelltnerK, Hymenomyeeteii, and OaHromycetes ; 4. Asco- 
myeetes, under which head are included the Protomyeetes, Trdteracem, 
Onyyenem, Pyrenomyeetet, aud THscomyeetes. 

in the former edition of this work Professor, Hcnfrey proposed 
an arrmigement of a simple nature, and which is as naturd, or 
more so than other arrangement proposed before or since, for 
which reason it is rclaincd. In it the Fungi w'ere distributed into:— 
1. BolnjtamtfUho Order with fertile cellular filaments (j/focc/) arising 
directly from a flocculcnt mycelium (p. 445) ; S. Sphmriaeea, the 
Order with a stroma or common receptach on tho mycelium, bearing 
periiliena or apothecia, like the Lichens (p. 445); 3. Kvidiae&e, 
those with a highly developed common receptach arising from the 
mycelium, and growing by periphorical development, bearing hasidio- 
spores or aseospores over more or Icss^rftensive tracts of the snrftice. 
In Tuberem (Tmffl^ this receptacle is develope d into ajtabercular 
ma^, formed of a involuted stnicfurJ'WtSme sporifefous Jayer 
turned inside. 4, Agarwacece, in which a more or less complex 
common receptach is originally developed in a large sac-like ease or 
peridtum, and either bursts out in a perfect form when ripe (Agaricm 
and Pludlus), or decays and frees its spores within the peridtum 
{Lyeoperdon &c.). 

Ordee CLXXX. AGARICACE^. 

(Includtttg most ofOte Ht^momycctes and Gasteromyeetes ^ Fries, and 
the BasidiosporeeB of L4veill4.) 

555. Diagnosis. —(Fig. 469, p. 445.) Fungi vegetating by a floceu- 
lent thallus, from which arise more or less fieshy fruits which possess 
an outer, single, or double coat (peridium'), rarely remaining adherent 
to the indehiscent fruit, usually bursting at maturity.. Peridium 
enclosing the fructifying tissue (gl-eba), which forms a common re¬ 
ceptacle, subdivided into numerous laminsc (fig. 469, B) or convolu¬ 
tions, or excavated into chambers, on the walls of all of which tho 
spores are developed, either on basidia (C) or in asd. The ree^taele 
either bursts forth' out of the peridium when mature, and by ex¬ 
pansion eposes its sporiferous landnse, or it deliquesces and is totally 
absorbed before the bursting of 1)ie peridium, leaving this filled with 
free spores; or it gradually decays with the udhorent indehisceat 
peridium. 
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Tribe], 

Agarieus, L. 
Jtoletas, an. 

Tribe 2. Piiai^lkas. 
PhalluH, L. 
Clathrus, Mich. 

Tribe .I. PODAXTNIEAS. 

Seeotiatu, Are. 
Tribe 4. NiBULAftiK.*. 
C3'athu3, Hall. 


Tribe 6. TmCHOGASTnEJE. 
Lycoperdon, Tmiruef. 
Bovista, Dm. 

Tribe 0. Mi’xoaASTii.K,^:. 
Trichia, UaU. 
SteniOGitis, Gled. 

Tribe 7. HyjAENANGni!,®. 
llymenangium, Klutsdt. 

Tribe 9. Onygrnbl®. 
Onygena, P. 


Affinities,—^The oiiestinn of tbc relations of the tribes of this Order and 
of this to the other Orders of Fungi cannot be deeply entered into 
here ; but the principal forms may be briefly noticed in a general maniieT. 
Tliese, like all other Fungi, grow fi-oin a flocculent mi/ceUum, commonly 
known n.s “ spawn.” In Aymintc, the fruit appears at first as a roundish 
body, the vdm or pendium, which bursts and gives exit to the “ button,” 
consisting of the stalk supporting the still closed pilcus, its vertical 
sporiferous plates covered by the inner peridium, which splits away ns the 
pdeus expands, leaving a portion on the stalk in the form of the anmlus. 
In Itcletm the peridium is veny fugacious. In Phallus the volva is more 
stiikiugly developed, and, when it bursts, tlie common recratacle expands 
into a column with the fertile surface at its head—in ClaOmt* into a 
wonderful coral-like network of fleshy substance with the spores adhering 
to the liars. Podaxhnrat are a kind of PuflF-ball in which there is a more 
or less distinct central column, conipai'able to the stalk of the pileus of an 
Agaric before this bursts out fioin its “button” condition. In Nidtdarieai 
the peridium opens into a cup and exposes a number of little bodies formed 
by the breaking-up of the iweptacular mass (ffleba) into separate recep¬ 
tacles. Trichof/astrcfc ai’e Puff-balls in which the'entire sporiferous tissue 
in the peridium decays, leaving only the spores (or filamentous fr^rments), 
before the peridiniu bursts. My.vogadrea are little plants which repre¬ 
sent on a small scale the c.ondltions of dathrus, Lycoperdon, &c. My- 
menangieee (mpmoch the Tubereee in the next Older; they are Tinffles, or 
underground-fruiting Fungi, whose fruits may be compared to Lyevper- 
don, but remain solid and set free their spores by decay. Ttdterete difier 
from all the plants of this Order both by the absence a f n peridium and by 
forming the spores in sacs orasci. All the Agaricieee form their spores on 
basidia, groujwd in fours. 

Distribution. —Abundant in all parts of the globe upon or in soil con¬ 
taining decaying vegetable or animal matter, eiso upon decaying wood, 
trunks of trees, &c. 

QualitleB and TTses. —The fleshy fruits are formed of a tissue which 
is very nutritious; and in the absence of noxious secretions they are very 
excellent articles of food. In this country they ore rather used as luxuries 
than necessities; but in Italy they are lar^y consumed as solid food j ai^d 
in Australia, Tasmania, Tierra del Fuego, and other ports of the globe, 
where cultivation of the soil is not pi^etised by the natives, they form an 
important item in the means of supporting life. *1116 best-known whole- 
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some kind is Afinrims mmpefirU, the common Mushroom; but many 
other species of Agaric ore also tit for food, as A. delitioKtM, A., proeent*, 
A, Oeorgii, &c., as also Holefui ethdis ; while a number of species of Aga- 
riem (mostly such as are brighllv coloured) are noxious or suspicions, as 
AL piperatm, A. raehodes, &c. The kinds of Agait'rtin and allied genera not 
eaten are commonly known by the general name of “ Toadstools.” Their 
peculiar mode of growth in pastures, producing, by their remains acting 
as a manure, annular marks of luxuriant growth of grass, called “ f'oiry- 
rings,” results fmm the radiating growth of the subterranean mycelium 
or spawn. Phnlhm and CUithrm are gimera of very curious structure, 
remarkable also for the excessively offensive smell, diffused when the 
peridium bursts, and the Hiceptacle expands. Agnriem {Amnnita) mm- 
caritix is a poisonous species which posseases narcotic and intoxicating 
properties; the Puftthalls {Lgenperdon &c.) appear to possess a principle 
of this sort in a volatile condition, as the fumes from their combustion 
have a stupefying effect. Lgniperdm gigantrtau, however, when young, 
and snowy white in colour, is one of the best of the edible Fungi. 


Obbee CLXXXI. EXIDIACEiE. 


{Including part of Ilytnmomjcetes, of Discomycetes, and 
l?'ric8, m'ul of Basidionporea and Thccasporeat of 


of Gumnomucetes, 
Lisveille.) 


550. JUM/nosin. —Fungi vegetating by a flocculent thallus, pro¬ 
ducing on any part of the surface more or less fleshy common re¬ 
ceptacles, devoid of jimVZiHjn, sometimes perennial and increa-sing 
continually in diameter, bearing on their surface crowded baddio- 
spores or sim])lo stylospores, or asd containing free spores ultiniatcly 
dischaiged with elasticity. 


Ini-rsTBATivn Gkneiu. 


Tribe 1. PoT.TPonisiB. 
Menilins, Hall. 
Polyporus, Mich. 

Tribe 2. llYnNE.s:. 
Hydnum, L. 

Tribe .“I. .\.ITB 1 CITLABIIL*!. 
Cyphello, Fr. 

Tribe 4. TuBBBisiE. 
Tuber, Mkh. 


Tribe 6. HKI.VRI. 1 .K.®. 
ITolvcIIa, L. 
Morchella, DiU. 
Tribe (5. TRBMKi-ijs.iE. 
Tremella, J)dl. 
Exidia, Fr. 

Tribe 7. Olavabim. 

Clavaria, L. 
Tribes. ISABiKiB. 
Isaria, Hitt, 


AOniaea.—^Tho relations of this group are, in the first place, with the 
'Agaric^, the Pofyporeo! beii)g as it were i-eceptacles of Agaricus or Bo- 
withput a peridium; they are remarkable for the firuit-organ being 
of Mrennial'duration, increasing by gradual development at the margins. 
Ti^Bt^neafAuricularieai, TretnmBie, and (JlavarkeB are aU related in the 
samedS^tion, the naked common receptacle exhibiting varying meta- 
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inoi^hoses cliaracterizin^ the particular groups. Hdtelleee are especially 
distiuguishcd by the diltcrcut mode in ’which the spores are developed, 
lieing uscosporouH, in which they agree with Tuherere, which may be re¬ 
garded ns Poh/jiorete or Tretni'llem "with the fertile layer of the receptacle 
turned-in to line a complicated aeries of connected ehambers formed by 
convolutions of the muss. Imrieat are probably rightly placed here, 
forming a link betwe<‘n this group and the filamentous Fungi. 

Distrlbation.—Universal, on decaying vegetable matter, producing decay 
in damp situations. 

Qoalitioa and TJsos.—^Tjittlo value can be attributed to this Order on 
account of useful qiyilitios; some of them, however, are eaten, eiipcciolly 
the TrniHes and Morels. MorcMln emdmta, the Morel, is imported from 
I taly as an article of hi.vurj'. Tuber is the genus furnishing Truffles, which 
are highly esteemed for llieir peculiar penetrating flavom’. Tuber <edimm 
is a liritish species, hut it does not attain a large size with us. T. luela- 
uusjioriwi, mni/imtum, musehutnm, &c. are also used; most of those im¬ 
ported from France belong to the first of these species. The ViAyporm 
have a great celebrity on account of the terribly destructive powers of 
the mycelium of various species, producing what is commonly called 
“ drj’-rot.” in tiralier. 'I'he lihinientous threads of the mycelium, corre¬ 
sponding to the cottony “ s|)awn ” of the Musliroom, insimuite themselves 
into the interstices of ihe fibres of -wood, and e.vercising a solvent action 
on the sulistance, bi'cak down and assimilate the tissue until the solid 
mass is entirely destroyed. Like other Fungi, these grow moat rapidly in 
damp and confined air; so that the “dry-rot” is i-eally a damp-rot, resulting 
from the timber being too closely shut up from the atmosphere, w'hitdi would 
keep it in a diy state and not allow the growth of the Fiinmis. We see an 
illustnilion of this in the decay of p<>.sts, beams, &o. where they enter 
damp earth, at joints where damp lodges, or when they are covered up, 
while green and wet, with paint or other impervious materials, while un- 

J iaiuted timber exposed freely to diy air does not sufRir. The common 
Iry-rot is produced by Mernthig raetator, M. lactpjmmH, and Polyporus 
destruetivr ; tliey frequently extend widely in tho form of invisible myce¬ 
lium without fruiting when they attack timber constructions; their fruits, 
often of very huge size, arc developed sometimes very rapidly, from parts 
of tho mycelium which come to the surface of the wood; such fruits of 
Puh/pori and Tludeidiorm arc veiy common on rotten posts and tranks of 
trees. The fruit of Pdyporm ngtianimite has been found more than 7 feet 
in circumference, and ■weighing 34 lbs., the whole tho gro’wth of a few 
weeks. The solid leathery simstancc of this frait is cut into slices and 
diied and used for making razor-strops; that of P. fomentarim is made 
into “ Amadou ” or Oenuan tinder, by beating it into a kind of paste, 
soaking it in nitre, and drying it. 
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OttnBB CLXXXII. SPH.®RIACE^. 


(Indudtnff part of Discomycetes and Pyrenomycetes of Fries, and of the 
Thecatporetc and Clinoynirets q^L(5vem6.) 

557. THagnods .—Fungi vegetating by a floeculont mycelium (often 
parasitic on plants or oven animals), producing a naked common 
receptacle of more or less homy texture, which bears, cither in 
definitely formed groups on its outer surface (receptadee) or on 
the woUa of chambers excavated beneath the surface and ultimately 
open externally (eoneeptaeJes), spore-sacs containing free spores 
(a*ci), or (by adherence of the spores, to the wall of the parent 
coU) rows of separable sporidia. 


It-lustbative Gexeha. 


Tribe 1. SpHJEniBiE. 
Sphacria, L. 
liypoxylon, Btdl. 
Cordiceps, Tvl. 

Tribe 2. PnAcmn?.®, 
Tympanis, Tod. 
Cenangium, Fr. 


Tribe a. XlRKniNEJE. 
Paccinia, Pers. 
Aicidium, Gtnel. 

Tribe 4. Pruispotie.®. 
Erysiphe, Scdw.fl. 


Afilnitlea. —The relations of Sphterteee and Phaddiecr with Lichens are 
so close that it is difficult to point out any good distinctive character, 
beyond the absence of chlorophyll in the tliiilliis of this Order. They 
possess similar reproductive organs, the sjiores being formed in receptacles 
and eonce/dacles c^orrcispouding respectively to the apothecia and perithecia 
of Lichens, containing either’spores in asci or stylospores (metamorphoses 
of the same structure) which both occur also in Lichens; and sper- 
mcffionia with spermalia are formed exactly in the same way as in that 
Ortler. In SphtcrieeB the receptacle is well developed, loss so in Phad- 
dieee and merely forming a more or less distinct perithecium to the con- 
ceptoclcs in Uredineec and Pcrisporea>. 

Distribution. —Universal; but mostly parasitic or upon dead organic 
structures. 

Qualities and TTsea,^ —The “uses” of these plants are not snch as we 
are accustomed to comprehend under that name, since they refer to the 
mnernl scheme of creation and not to human requirements ; some of 
&em are, indeed, among the pests of cultivation, in particnlar instances 
capable of doing enormous mischief. Sphemeee attack living and dead 
organic bodies; Cordiceps purpurea, which attacks the young pistils of 
Bye and other Grasses, deveiopes its mycelium within the ovary into 
a solid mass, which forms- the “ Eigot,” so well known for its poison¬ 
ous prpperiies; the receptaicle grows up subsequently from this, after it 
has lal^biftnni the ear of the Bye. Cordiceps Itobertsii, entomorrhiza, and 
odUtr dapies attack the bodies of living caterpillars, and gradually destroy 
air ^ mtemal parts, aud fill the am witn a solid moss of- mycelium, 
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which after a time sends up a filiform or clarate receptacle hearing the 
conceptucles, as in the Ergot Eungns. iSphteria includes numuroos 
species, with less-developed receptacles, growing upon leaves, wood, bark, 
&c. of tntes. Ilypoxiila grow upon decaying wood, pi-obably exerting a 
destructive action; when they lure placed in situations uufavoui'aLlu to 
the production of fruit, they often torm loige amoiphous masses of htu-d 
fungoid substance, soiuetiines described us distinct kinds of P'uugus under 
the name of Sclerutiuni, Jt/tiannorpfia, &c. The Vlmcidiete glow oil 
vegolable bodies, cliietlv those decaying after the completion of tlieir 
vital fmiction, as on fallen leaves, hark, &c. The Uremiem attack the 
leaves and herbaceous organs of living plants, their luycelliiim ramifying 
in the tissues bcueath tliu epidermis, mid pushing out peiithedia (or con- 
ceptacles) ihrough the latter at various points; thev constitute some of the 
most noxious vegetable pests of agriculture and horticulture, l\tcvinia 
gntminix forming the “ Mildew ” of Wheat, the stylosporous forms of the 
genera of this same tribe (known as species of Urndo) constituting the 
“blights,” “rusts,” &c. of coin luid other cultivated plants, Colco^rimn, 
the*“ white rust ” of Cabbages, &c. &c. Among the ^erig/ioretf, JEiygiphe 
iiududes a uumher of epipliylluus Eiiiigi, the mycelium of which spivads 
over tire surfiuse of living leaves, forming a cottony web obstructing 
growth and respiration, ivnroducing itself on an enormous scale hy cuitiriia 
or detached terminal cells of branebes ( OitUiiin), ns well ns by spores 
formed in conceptacles. The Vine-mildew has been referred to this 
tribe iindor the uiiiue of Oidium Tuukeri; it appears rarely to produce 
perfect iruit. 


OttDKR CLXXXIIL ]10TJIYTACE^. 


(Including Haphmgcetcs of h'ries ( = ITyphomyectes and Phygomycetes), 
CyHl-oporece, Trichusjiorece, anil ArtJirospureee lidveille.) 

,')5S. Diagnosis. —(Eig. 408, p. 444.) Microsc.opie fungi vegetating 
by a flocculunt tludlus, ullcn parasitic, of which the filaments rise up 
directly into simple or ramified pedicels, bearing at the extremity 
(or the ends of their branches) a fiHJO sjiore, a chain of sjiores 
(fig. 408, B, c), or an expanded cell filled with free spui'os discharged 
by dehisMnee (fig. 408, »). 


Illusteative Genkiia, 


Tribe 1. ANTENNABiE.aB. 
Anteunaria, Corda. 

Tribe 2. Dematiea;!. 
Cladosporium, Lk. 
Dematium, P, 


Tribe .3. MifCKHiNEiK. 
EeniciUiuni, Lk. 
Aspergillus, Mich. 
Botiytis, Midi. 
Tribe 4. MueonKs;. 
Mucor, Mkh. 


AfitailtlM—The filamentous Fungi or “ Moulds ” are connected with the 
Orders with a naked receptacle by the relatioct of Dematiece to Ism-keCy 
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while the Atvtenmrit<e are probably allied to the conoeptacular Fund 
thi-ough Peritimrete. lu Aittfmwrieee the flocculent mycelium is highly 
developed, end the epore-iiait is produced at once from it, the parent¬ 
cell of the spoi-es being suriounded by a kind of false perithecinm growing 
^p over it in the form of cellular filnuieuts. In Dematiefe the mycelium 
is little developed, and the pedicels bearing the spores are rigid and dark- 
coloured : they are not clearly understood at present. In Muntlineee a 
flocculent mycelium stuids up solitary simple or branched iilaments witli 
the free points tipped with a single spore or chiiius of ^ores falling ofl' 
when ripe; the mycelium is also freely incrtiased by emiiilia, consisting of 
globular or oval j<'>iuta of the mycelium-tilaments, Mling apiud instead of 
grouihg out into' flocks. In Miioor the futile pedicels ore tipped with a 
globuliu' cell enclosing a number of minute fi-ee spoi-es. In Si/a/ffifen there 
has been observed a process of “ conjugation ” like tbnt of some Algse. 

Distribution.— ^Ilmversal, forming moulds, mildews, &c.; occumng 
constantly in infusions of organic uiatler and even chemical solutions, 
as “ mother,” producing various femicntations and decnmjKifiitions. 

Qualities and Uses.— Some of tliesc insignilicant plants are of vast 
utility to man through the chemical cliiinges wbicli lliey produce in the 
substances in which thej'flourish. In tlieir pt'rfect forms they present 
tliemselves os moulds, mildews, iSfc., as in:— Mwor Mueedo, the common 
mould of paste, &c.; Pmivittmtn f/ltmctiHi, the bine, gitien, or yellow inoukl 
which equally or still more mi'dily appears on decaying vegetable sub¬ 
stances ; AnperffUlm yluuem, the gioen mould of cheese; IMr^is rulyark, 
a In-own mould constantly attacking leaves deca 3 -ing in a moist atiuo- 
mhei-e &c. The I’ototo-fuugus, Jfofn/fu iitfenlann, is another example. 
But some of these will grow extcnsivtdy and increase bj’ vi-getonvo 
reproduction (by conidia, or isolated cells thrown oil' by budding of the 
mycelium) to an almost unlimited extent in smtable media: thus Veni- 
eiilium yhiueinn grows in saccharine liquids, in the form of floccident or 
gelatinous masses, constituting the curious object called the Vinegar- 
plant, the vegetation of which converts the solution of sugar into vinepir. 
This gi-ows at ordinary temperatures. Thert! is every reason to believe 
that the Yeast-plant, the growth of which produejis the “ fermentation” 
of beer and other liquids, and the “ working’’ of bread, is a mycelial form 
of Penicillmm ifl-auoHm, wholly composed ofconidial cells which never grow 
out into filaments, but bud continually iuto new vomdia under the in¬ 
fluence of the eleygted temperature which is requisite to produce this fer¬ 
mentation. llallier considers it to be the conicQal state of a Leptothrix, 


(A detmled account of the most important phenomena exhibited in the 
development of Fungi, inchens, and Algie will he found in the “ Micro- 
mphic Dictionary.’” In the systematic study of these Classes and of the 
Cryptognmia generally, the student must have recourse to Mr. Berkeley’s 
< Introduction to Cryptogamic Botany.’) 
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ARTIFICIAL ANALYSIS OF THE CLASSES AND 
PRINCIPAL ORDERS*. 

Series I. FHANEROOAUIA—FLOWERING PLANTS. 

Div. 1. Flowers with pistils containing t!te 

ovules in closed ovaries. Angiosi’ebmia. 

Div. II. Flowers imperfect and incomplete, con¬ 
sisting of scales, the female with naked 
ovules, on the maTgius or upper face of 
the scales, or isolatiHl. Ovhnobpbbmia. 

Div. I. Angiospermia. 

Clim 1. Cross section of the ghw e.vhihitiug 
one or more complete rings of wockI divi¬ 
ding a central pith from a sepoi'able rind 
or hark; haves mostly with arborescentlv 
hranehed reticulated ribs; calyx and corolla 
mostly C- or d-merous; eiiibryo with two 
opposite cotyledons. 

Class 2. Cross section of the stem exhibiting 
the wood ill isolated libies, without distinct 
pith or bark; hares mostly with parallel ribs, 
or, if retieiilatt'd, with the secondary ribs 
suddenly smaller; calyx aud corolla .’l-me- 
i-ous (perianths appai-ently (i-iueroiia); em- 
liryt with one cotyledon, or a rudiment of 
a second olteinute . 

Class. 1. Dicoiri-EDOBES. 

Subclass 1. Petals distinct, free, emei-ging 
directly from the receptacle; stamens 

hypogynous. A. Thalamifloree (197). 

Subclass *2. Petals distinct or cohei'cnt, hy- 
pogynouB or perigyuous; stamens perigy- 
uous or epigynous ., B. CcHydfiorts (250). 

. Subclass 3. Petals coherent, hypogynous or 

S uoua; staiucus epipetoluus, or more 

j hypogynous ... C. CoreMifiortc (202). 

Subclass 4.' Petals absent, or forming a green 
perianth with the sepals; sepals green or 
coloured,'sometimes abortive.D. Incompletee (3*3(1). 

** xne arrangement in uie loiiuwiug .lauie is purooseiy moae uinereni m 
some particulars from' that given in tbo detailed list of Orders, so os to increase 
the student’s facilities for d^rniining tlie Order to which any particular plant 
may belong. As it is drawn up for beginners, it rrfers almost exclusivriy to 
Orders or representatives of Orders commonly to be met with, either in a wild 
state or cultivated in gardens in this country. 


DiCOTVLEIrOKES. 


MONOCOTYX.EDONF.S. 
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A. Tbabauifloiub. 

I. Placentas parietal. 

a. Seeds exalbuminous. 

* Ilowor regular. 

1. Stamens C, tctradj'namons . 

2. Stamens niimarous. 

8. Stouieiis equal to the petals, or 

double . 

*• Flower irregular . 

b. Seeds albuminous. 

* Flower iiTegular. 

1. Stamens o . 

2. Stamens (>, diodelpLous. 

*• Ilowor r(!gnlur. 

1. Sepals 2 . 

2. Sepals 5, iostiTation imbricated .. 
8. Sepids 5, mstivatiou contorted .... 

H. Placentas covering the dissepiments. 

HI. Placentas axile, or on the- ventral suture of 
simple pistils. 

a. Seeds albuminous, with a straight embryo 
in the axis. 

* Fruitcomposc'd of several separate carpels. 

1. Tloweia purfect, peiitamcrous or 

tetramerous. 

2. Flowers perfect, trimerous; trees or 

shrubs. 

Leaf-buds enclosed by stipules, 

scstivation imbricated. 

Leaves exstipulate, mstivutiou 
Valvate. 

3. Flowers, tlirough abortion, dicli¬ 

nous .... -. 

•* Fruit composed of 1 carpel, anthers de¬ 
hiscing by valves . 

Fruit two- or many-celled, composed 
of coherent carpels. 

1. Flqwers irregular, perfect. 

2. Flowers regular, didinous by 

aboition..... 

8. Flowers tegular, perfect. 

Stamens opposite the petals .. 
Stamens .alternate, monodel- 
' pfaous. 

• Stamens alternate, distinct.... 

• StaiftenB numerous, free or poly¬ 

adelphous . 


CiticiferfP, 14. 
CajtjMritlacea:, 15 . 

Tamaneacete, 22. 
Jiesedaceee, 10. 

Viofacea;, 20. 
Fumariaceas, 18 . 

Faptwrrave^, 12. 
Fronfrarcfc, 10. 
CisttU!€!€f, lx. 

Kyntplucacete, 0 . 


Itauttneulaceee, 1. 

MagnoUaecen, 3. 
Anmtaccte, 4. 
Menispermacete, 5. 
BerberidamitB, 8. 

Folygalaeets, 35. 

XanthoxijlacBeBf 47. 

VitaceeB, 50, 

0.ralidacets, 41 . 
Futaceaif 40. 

TiUaceee, 27. 
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h. Seeds albumiiioas, vrith the embryo curved 


round tbe albumen (in part apetalous).. Cart/aphyllaceeB, 23. 
e. Seeds exalbuminous. 

* Flowers regular. 

1. Fruit a niany-cellcd capsule. 

Stiuneus detinite, distinct. Matittavea!, 32. 

Stamens definite, monadelphous at 

tbe base . Linaceee, 40. 

Stamens numerous, polyadelphous . Hyptoicacem, 81. 
Stamens numerous, distinct or co- 
hemil lat the base . CumellMceat, 29. 

2. Fruit of scjveral carpels arranged 

round iulumclla. 

Stamens tuiuerous, monadelphous, 

with 1-ceJled anthers. Malvacete, 24. 

Slameiis definite, monadelphous; an¬ 
thers 2-celied . Oeraniacem, 42. 

3. h’ruit succulent (hesperidium). AuratAiucem, 30. 

4. Fruit a 2-lobod samara. Aceraeea, 84. 

** Flowers im^gnlar. 

1. Calyx not spurred, 6-merous; .em¬ 

bryo (uuTed. Supuulaeete, 33. 

2. Calyx spuriod. 

Fmbiy o curved ..'. Dalmminaceee, 43. 

Embryo straight. Tropceolaceec, 44. 


As a ndc the Tbnlnmiflor.'o me polypetalous. Some !l^taccm and 
Anonacem arc luonopelalous. ApotaJous genera and species occur in 
Itaimuculaci!.'!!, Menispcrraacow, I’apaverauem, Catyophyllocem, Byttne- 
riacem, I'iliiUK'ie, (teraniace®, Kutncew, Xanthoxylacem, &c. 

Some of the foregoing Thalamiflorous Orders include native species in 
which the petals are ahoitive, especially llanunculacem and Ooryophyl- 
lace®: this is more frequently tlie case with exotic species of thew and 
other Orders of this Subclass. 


B. Calyciflojl*; 

I. Polypetaleo. 

^ Placentas parietal. 
a. Seed oxalhuminous. 

♦ Flowers perfect . 

*• Flowers diclinous. 

h. Seeds albuminous. 

Stamens epigynous. 

Stamens 6, disUuct. 

Stamens 6, monadelphous. 

Stamens numerous. ;.., 


Cactaeem, 75, 
Pucurhitacea, 72, 


JUbesioeete, 76. 
J^uti/hraceee, 71. 
^esemhyantAacete, 60. 
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•• Stamens porigynouB. 

Leaves without stipules . Porhdacaceoi, 68. 

(Some Saxifragacem, 65.) 

Leaves with stipules. Puroitgchiacea, 67. 


4r 


Placentas axile, or on the ventral suture 
of the Bopoiate carpels. 


a. Seeds exalbuminous. 


* Ijeavns with stipules. 

1. Fruit free, a legume or lomen- 

tum .. Lkffuminom, 65. 

2. Fruit free, a drupe. {Amygdakte), 66. 

3. Fruit a succulent or dry etserio, 

or a succulent or dry cynarrho- 

dum... Romcete, 66. 

4. Fruit a pome, with a core or 2-6 

stones, and a superior calyx .. (Pomeas), 66. 


*• Loavps exstipulate. 

1. Fruit with the calyx adherent. 

Stamens and pcitals numerous CahjnmUiaeeen, p. 26.3. 
Stamens numerous, petals 6 .. Myrtaeem, 67. 


Stamens dehnite. Otmgrace<e, 6^. 

2. Fruit free, 1-celled, 1 -seeded .. Anacardiacetej 6.3. 

3. Fruit friBe, surrounded by the 

calyx, 2- or many-celled _ Lythracea, 64. 

<114. Fruit of free, simple, many- 
seeded carpels, standing in a 
circle. (Some Cra.ssn]ace 80 are 
monopetidous.) . Cramdaeece, 66. 

6. Seeds albuminous. 

• Ovary wholly or partly free. 

1. Stamens opposite the petals. Rhamnacem, 62. 

2. Stamens alternate, connected at the 

base with the petdis . {Aquifdiacece), 90. 

3. Stamens alternate, inserted on an 

hypogynoiis. disk. Cehmtracem, 61. 

4. Stamens alternate, perigynous, de¬ 

finite . Stxxijragaceee, 66. 

6. Stamens olteniate, perigynous, nu¬ 
merous . (FhUaddpheai), 66. 

**' Ovary quite inferior. 

1. .ililativation of petals imbricated .. JBaloragaeete, 63. 

2. .dSstivation of petals inrolled, fruit 

a mmoeaip . UmbeUiferee, 78. 

8. .^Estivation Iff petals volvate, fruit , 

» ^ny. ArdUaeeea, 70. 

4. ..Aietivation of petals volvate, fruit 

a drupe,... Cortiaeea, 80. 
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II. Monopelalffi (ovary inferior). 

0 . Anthers distinct, stamens adherent to the 
corolla. 

• Leaves opposite, with small interme¬ 
diate stipules, or whorled with equal 


stipules. RuMaceee, 82. 

•• Ixsaves opposite, without stipules. 

1. Stamens opposite the petals . LoranlOmeem, 119. 

2. Stamens alternate with the petals. 

Ovary many-celled, seeds albumi¬ 
nous . CftprifoUaceee, 81. 

Ovary l-colled, seeds albuminous .. Dlpmceee, 84. 
Ovary J-celled, seeds exalbumiuous Valenaitaeets, 8-3. 
**» Leaves alternate, without stipules.... Campamtlarea, 87. 
h. Anthers distinct, stamens hypogynoqp .. ( Vaooinieee), 88 . 

e. Anthers coherent (Hyngene.sion 8 ). 

* blowers collected into capitula. Compontie, 85. 

** Mowers solitary, irregular . Lobeliaeece, 80. 


Som* polypotalous Oalyciflorse have the stamens inserted at the very 
base of the calyx, so as almost to resemble Thalamiflorss, as in Legunii- 
nosw and I’ortulacace®. Apetalous g<»iera and species occur here also, 
among the Legumines®, llosacete, Myrtace®, lloloragace®, llhamnacoK!, 
CelastraceSB, Lythraceas, rortulocace®, 8 a.Kifingaceffl, Loranthace®, &c. 


.0. CoHoij:.nn:,oaiE. 

I. Mowers regular. 

II (Stamens hypogynous, anthers dehiscing 

by pores . 

Stamens hypogynous, anthers opening by 

slits) . 

nil Stamens adherent to the corolla, anthers 
dehiscing by valves. 

o. Compound ovary not deeply lobed exter¬ 
nally. « 

* Stamens alternating with the teeth of 
the corolla. 

1. Stamens mostly 6 , rarely 4 or 6 . 
t Seeds exalbuminous. 

Embryo with plaited cotyledons 
Embryo without distinct coty¬ 
ledons . 

tt Seeds albuminous. 

Leaves opposite, without stipulss 
Leaves opposite, with stipules . 
Leaves alternate ( capsule 2- 
celled (rarely many-celled).. 

2. Stamens 4 or 1, corolla membra¬ 

naceous . 

3. Stamens 2 .. 


Ericaceee, 88 . 
{Rutaeea), 46. 


Convolvulacew, 102. 

(Ciucuteee), 102. 

GetUianaoete, 98. 
Loganiacea, 97. 

Solanaceee, 103. 

Ftantaginacea, 91. 
Olweem, 89. 
z2 
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** Stiuaens opposite tie teeth of the 
corolla. 

1. Ovary l-ceUed, 1-ovuled . Nmnhaginaeete, 92. 

2. Ovary l-celIed,inany-ovuIcd,with 

a me central placenta. I^nmtdacece, 93. 

b. Ovary of 2 more or less united carpels 
(separating in the ripe fruit), with 
stigmas couduent. 

* Stigma discoid, free; stamens distinct, 


pollen pulverulent, eestivation of co¬ 
rolla contorted. Apofynatcere, 99. 

** Stigma O-angled, antliers adherent to 
the stigma, pollen waxy, aestivation 

of corolla mostly imbricated. AKcu-piadacece, 100. 

e. Ovary deeply divided into 4 lobes, sepa- 

ratmg in the ripe fruit . liuraginacete, 104. 


II. Flowers irregular; perfect stamens almo.st 
always less than 6, often didynamous. 

If Ovaiy deeply divided into 4 lobes, sepa¬ 
rating wnen ripe. 

Ovary not separating into lobes. 
n. OvBiy 2-4-celled; seeds solitary or 2 in 
each cell . 

b. Ovary 2-ceUed; seeds winged, many in 

eacn cell, exalbuminous. 

c. Ovary 2-cellod; seeds wingless, attached 

to hard placental processes, exalbumi- 

nouB; bracts mostly huge. 

4. Ovary 2-celled, seed albuminous. 

«. Ovary 1-celled, with parietal placentas, 
setids albuminous. • 

1. Leafless parasites . 

2. Leafy plants; calyx half adherent.. 
/. Ovary l-celled,with free ceiftral placenta; 

stamens 2, anthers 1-celled, seeds with¬ 
out albumen. 


Lahiatef, 106. 


Verhetmeetp, 100. 
Hit/noniaceetf, 108. 

Acmthaeeo', 107. 
ScrophulariiKea;, 111. 


Orobanclutaea, 110. 
OesneraeatCf 109. 


Lmtibulaeere, 112. 


Some Ericacem, Primulaceto, Plumboginacese, &c. have polypetalous 
corollas and hypogynous stamens. Some Primulacese and Oleaceic arc 
apetalous. 


D. MoNOCHI.AHYnE.S. 

A. With a distinct whorled perianth. 

I. FlowBrs perfect (with stamens and pistils). 

51 Oyaiy superior, 
a. Ovary 1-celled, 1-seeded. 

* Leaves stipulate, oohreate .... Polygmaeeee, 113. 
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** L(!avt>8 exBtipulatc. 

1. Authors bursting by lid-like 

valves . 

2. Antliers bursting longitudi¬ 

nally. 

t Peiianth long, tubular, 
t Perianth forming a hard enve¬ 
lope to the fruit . 

ft Perianth not hardened. 

Stamens in the points of the 
* segments of the perianth. 
Stamens in the tune of the 

perianth . 

tt Perianth short, segments sepa¬ 
rate nearly to the base. 
Stamens opposite the segments. 

Flowers with bracts. 

Flowers without bracts .. 
ff: Ovni-y compos()d of several (ari-pels, 
separate or combined into a 2- or 
niany-cellcd ovary. 

• lAiaves exstipulate . 

** Leavers stipulate. 

Ilf Ovary inferior. 

а. Ovary l-ceUed . 

б. Ovary 3-6-celled. 

IT. Flowers diclinous, 
f Ovary superior. 
a. Ovary 1-celled, l-se^ed. 

• Leaves exstipulate. 

Perianth tubular. 

Perianth short, segments deeply 

divided. 

*♦. Leaves stipulate. 

ft. Ovary many-celled. 

• Leaves exstipulate. 

Ovules suspended . 

Ovules ascending. 

•* Leaves stipulate. 

Flowers in catkins. 

Flowers not in catkins . 

f f Ovary inferior. 

*^ltienves exstipulate. 

Flowers in catkins. 

Leaves alternate. 

Leaves opposite ..' 


Z<mracnn>, 117. 


Nyctagmacets, 114. 


IVoteaeea, 123. 
Thymelacea, 121. 


AmaratdMceee, 115. 
ChempodineetB, IIG. 


rhyU>laceaee<e, p. 339. 
Ultnaeeee, 127. 

Saiita/acea, 120. 
Ariglvlochiaoeee, 137. 


Myridicacete, 118. 

Chetwpodiaoem, 116. 
Urticacete, 125. 


Eupharhiacece, 124. 
Etnpetracece, p. 346. 

EettdacetB, 131. 
Euphorhiacea, 124. ^ 


Myiieacea, p. 366. 
JugUmdacem, 129. 
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•• Leaves stipiilate. 

1. Fruit in a cupule . Cupuliferee, 130. 

2. Fruit naked. 

Fruit simple. CBegomaceee), 7'i. 

iWt mimiple (sorosis) .... (Artocarpea), 126. 


B. With perianth in the form of bracts or ab¬ 
ortive. 

T. Flowers hermaphrodite. 

Ovary I-ccUm, l-seedcd; ovule ei-oct .. Tvperacm, 134. 

IT. Flowers diclinous, 
a. Ovary 1-celled. 

• Leaves exatipulate; flowers in catkins MyrieaeeeB, p. 356. 
** Leaves stipulate. 

t Ovules numerous, seeds comose.... Salktuiea, 132. 
tt Ovules solitaiy or twin. 


Ovule erect. Mytieacete, p. 866. 

Ovule pendulous . I'latanaceie, 126. 

h. Ovary 2- or more-celled. 

Fruits UBuallj tricoccons . EuphorUaceee, 124. 

Fruits indehisccnt, seeds peltate .... Callitm-Jiaceee, p. 369. 


Apetalowf flowers 

occur by abortion in the following Orders:— 

A. ThaUm^hrm : BanunculBcctc, Meni^rmace®, Papaverace®, Caryo- 
phyllace®, Sterculiace®, Tiliace®, Geraniace®, liutacc®, &c. 

B. Ccdyeiflorw. Celastrace®, Bhamnace®, Leguminos®, Rosace®, Ly- 

thrace®, Mvrtace®, Haloragace®, Cuoprbitace®, Fassifloracc®, Por- 
tulacace®, SaziiiagBceffi, Loranthace®, &c. 

0. CoroUiflorw : Oleace®, Primulace®. 

B. The affinities of the Order Myristicace® are to the Thalamiflor®; of 
the Begoniace® to the Galyciflor®, such as Cucurbitace®. 

Class. 2. Mohocottxbdohks. 

Suic/oss 1. Flowers with a double 3-merous 
petaloid (rarely scaly) perianth, or with 
a green 3-merouB cuyx and a petaloid 

3-merous corolla. A. Pdalmiem (372). 

Subclass 2. Flowers without a perianth, or 
with a few scales or bristles, the whole 
•fratianged on a spadix naked or enclosed 

ihaspathe . B. (366) 

htbclass 8. Florets enveloped in imbri- 
cat^, mo^y keeled, g^n or brown 

, not in regular wlmrls. C. Ohmiflares (306). 
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A. Feta^oidks. 

L Ovary saperioT. 

a. Flowew perfect. 

* Seeds exalbnmiuous . 

** Seeds albuminous. 

1. Perianth scale-like. 

Leaves pinnate or pdmate . 

Leaves grass-like. 

2. Perianth petaloid. 

Fruit capsular, septicidal; stamens 

C, extrorse . 

Fruit capsidar, loculicidal; stamens 

0, introrse. 

Fruit a succulent berry. 

b. Flowers diclinous . 

II. Ovary inferior. 
a. Flowers diclinous. 

Leaves witli netted veins, seeds albuminous 
Leaves with parallel veins, seeds exalbu- 

minous. 

5. Flowers perfect 

• Flowers regular. 

1. Stamens <‘1, extrorse . 

2. Stamens 0, iutrorse. 

Leaves hard, channelled, often scurfy; 

calyx and corolla mostly distinct. 
Leaves soft; perianth uniform .... 
•• Flowers irregular. 

1. Stamens 6 or (t . 

2. Stamens usually 1, free. 

Anthers 1-ceUed, filament petaloid. 
Anthers 2-celled, filament not pe¬ 
taloid . 

3. Stamens 1, sometimes 2, gynandrous. 


B. Sfadicitlobjb. 

I. Flowers on a distinct spadix. , 

a. Leaves mostly netted-veined^ spadix en¬ 

closed in a large spathe, penanth absent, 
fruit succulent.'.... 

b. Leaves parallel-veined, broad and- grass- 

like. 



** Stamens on long filaments, perianth 
scaly or hairy.. t 


AJismaceeB, 156 

Palmacea, 138. 
Jvncaceaif 145. 

MeUtnthaoeeB, 144. 

LUiaceee, 143. 
SmUacea, 142. 

(SmUacece), 142. 

Dioscoreacea, 141. 
Hydroekaridaeea, 164 

Iridaee<B, 162. 

BrottieKaeeee, 163. 
AmaryUidacea, 161. 

Musaeeee, 160. 

Marantacete, 140. 

Zingtberaeeaf 148. 
OrdUdaeete, 147. 


AroideBB, 140. 

(Aooreee)f 140. 
Typhaceee, p. 368. 
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n. I'lowcra on a spadix reduced to n short pe¬ 
duncle, naked or surrounded by a spathe. 

а. Seeds exalbuminous . Nuiai-ttceat, 16(5. 

б. Seeds albiiminoiis. . 

Stem and leaves Idmded in flat floating 

fronds .,.... Lenmacem, p. 371. 

O. OnuMipr.oBJB. 

I. Stem solid; loaf-sboaths tubular, not slit; 

glume Ijthe flower in its axil; embryo , 

basilar, within the albumen . Cjfpvrncea;, 158. 

II. Stem fistular; leaf-sheaths slit; glumes 

mostly in pairs at the btiso of a spikelet, 
of 1, '2, or several flowers; embryo basi¬ 
lar, outside the albumen. Gramituicete, 157. 

Uiv. II. Oynmospermia. 

I. Stems branched, resembling Dicotyledons; 
leaves simple. 

a. Stems continuous. 

Fertile carpels several in a cone......... Piunn-c-, 1150. 

Ovule solitary, surrounded by scales... . Tii.rnretp, 160. 

b. SUims jointed. 

IL Stem.s simple, re.sembling Palms; lenvfi.s 

pinnate. Cffcatltwea’, 162. 

Scries II. CBTPTOGAMIA—FLOWEBLESS PLANTS. 

Div. I. With stem and leaves distinct. Angiospokae. 

Div. II. With a thallus... Gymnospoiije. 

Div. I. Angiosporn. 

I. Plants with well-developed foliage. 
a. Fructification on the lower surface or edges, 

or on metamorphosed lobes, of the leaves. FUices, 107. 

1. Bporanges with an annulus, dorsal or 

nuirginal, splitting irregularly . (^Potypodieot), 107. 

2. Bporanges without an annulus, dorsal, 

connate, splitting regularly by a ven- 

ti-al slit.*.. (^Marattwo!), 167. 

,A Sporanges with air obscure annulus, on 

,* ’ metamorphosed pumm of the leaf.... (OsmtmdeeB), 167. 

4. Sporanges without an annulus, distinct, 

2-valvcd, on the margin of metamor- 

phoscid lobes of the leaf... (OphiogUmeee), 167 
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h. Spoiangos in the axils of imbricated 
leaves, or of bracts forming terminal 
spikes. 

1. Creeping plants with elongated steals 

clothed with imbricated leaviis; spo- 
ranges scattered or in spikes. 

2. Plants with a oorm-like stem bearing 

a tuft of sessile leaves with sporangos 
imbedded in their axils. 

c. Sporanges in •stalked spore-finiits, arising 

from tile croopiiig or iloating rhizome 
near the bases of the leaves or petioles.. 

d. Minute tufted or creeping plants with im¬ 

bricated leaves and stmked or sessile 
iu‘n-sliaped or ovid sporanges arising 
out of a vaginiile or iuvoluci'al sheath. 

* Leaves mostly spirally imbricate.d 5 spores 
• without elaters. 

1. Capsules with a columella, with an 

opeirulum or iiidehiscent. 

2. Capsides with a columella, bursting 

liy 4 Intend slits. 

** Jji'aves distichous, capsules splitting 
into 4 valves, spores mi.ved with elaters 

II. Plants with abortive foliage, consisting of 
simpli! or verlicillately branched, jointed, 
iistular stems, with whorls of teeth (leaves) 
at the joints . 

m. Inconspicuous plants with a green thalloid 
frond with or without a uudrib, bearing 
vaginulabi sporanges imnicrsfid or stalked, 
or pdtate receptacles with numerous spo¬ 
ranges. 

1. Sporanges immerscid or sessile, bursting 

irnigularly, w'ithout elati'rs . 

2. Sporanges os in Jungenuminiocese (ride 

tniprii) . 

3. Sporanges pod-shaped, 2-valvcd with a 

collnmella. 

4. Sporanges niimeraus, on the underside of 

peltate stalked receptacles arising {h>m 
the sinuses of the frond. 

IV. Aquatic plants with verticillately branched 
stems composed of tubular filaments, root¬ 
ing; firuit consisting of solitary ovate spores 
(nucides) and globular 8-valvod antheridiaji 
attached to the whorled branches . 


lAjcopodiacea, lt>4. 
iHoetareai, 106. 
Mwtsdeaceee, 103. 

Biijaeeep, 168. 
AmlreeaceeB, 170. 
JuitgermatmiaeveB, 171. 

EqtdeHacece, 160. 

Eicciete, p. 426. 
Jungemiamiiacets, 171. 
Anthoeeroteep, p. 424. 

MarcJiadfiaceaii 172. 

Characeee, 173. 

X 5 
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Div. n. Gymnospors (Thdllophyt&s). 


I. Aquatic plants, 'with a coloured thaUus, grow¬ 

ing in water or on damp ground, Icaf-like, 
filWentooB or granular; ^ctiiication sub¬ 
merged . 

1. ThaUus leaf-like, iUamentous or incrusting, 

mostly red or purple; fructification scat¬ 
tered or in receptacles, consisting of 
mores, antheridia, and tctraspores. 

2. Like the preceding, but olive or brownish 

3. Tiiallus leaf-like, cord-like, shrubby or 

filamentous, mostly olive or bn>wn; fruc¬ 
tification in mnceptaclcs, collected in re¬ 
ceptacles ; conccptacles containing either 
spore-sacs or antheridia or both . 

4. Olive-coloured or brown Seaweeds, with 

superficial or terminal spore-sacs produ¬ 
cing zoospores witlf 2 cilin, one pointing 

forward, the other backward. 

6. ThaUus usually ptien, mostly filamentous, 
or consisting of cellular masses imbedded 
in definite or indefinite ieUy; fructifica¬ 
tion occurring in aU cells, cousistiiig of 
gonidia, active (zoospores) or motionless, 
and spores which are matured in parent 
cells after conjugation or fertilization by 
spermatozoids . 

6. Mlamcntous plants, composed of jointed, 

sheathed filaments, fdmple or combined 
into bundles in a common sheath, often 
with a spontaneous osciUaring motion .. 

7. UniceUular plants with angular or vari¬ 

ously curv^ walls, free or associated in 
definitely arranged families, multiplied 
by fission, by zoospores, and by spores 
formed in sporanges resmting fi»m con¬ 
jugation ... 

a. (iell-wall membranous, contents green , 
h. Cell-wsU imbued with silica, contents 
brown . 

8. Globular or quadrangular hyaline micro¬ 

scopic aquatic bodies, containing green 
zoospore-like bodies whose cilia prmoct 
from the surface of the common envelope 
and row it about ... 

J. Plants growing over rocks, bark of trees, 

earth, &c., attached by hair-like fibrils; 
thaUus leathery, crusjjgceous or pulverulent; 
fruit superfidal or immersed in the thaUus 


Alga, 428. 


Hhadonparmea, 174, 
IMctyotacea, p. 434. 


Fueacete, 175. 


Tlteeotporea, 170. 


Cenfervoideat, 177. 


OgcUUitoriacea, p. 539. 


BuUttmacete, 178. 
(Degmtdieee), 178. 

(jDuUo7necB), 178. 


Volvocmete, p. 440. 


lAchenace(B,n9. 
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in. Plants with a cottony thallus or mycelium 
devoid of chlorophyll or starch, growing in 
livi^ or docOTing organic matter; fraits 
distinct from the thallus, on a more or less 
developed reoeptacle. 

1. Fungi with distinct fleshy, homy, or gela¬ 

tinous fruit of dciinite form, consisting 
of a common receptacle developed in the 
interior of a dehiscent 6r indehiscent sac 
orperidium. 

2. Fungi wtji distinct fleshy, homy, or gela¬ 

tinous fruit, consisting of a naked com¬ 
mon receptacle bearing the spores. 

3. Fungi with a distinct or obscure fruit, 

often inuuersed in the supporting object; 
hollow couccptacles or open discoid re¬ 
ceptacles lined with asci or stylosporcs.. 

4. Mjcroscopic Fungi, forming mildews, &c., 

consisting of a flixiculont thallus with 
numerous erect branched or simple fila¬ 
ments bearing acrogenous spores or sacs 
tilled with endogenous spores . 


p. 448. 

Agaricaoeee, 180. 

« 

Exidioeem, 181. 

Sphmriaceis, 182. 

Botrgtaceee, 183. 
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PART III. 

PHYSIOLOGY. 


CHAPTER I. 

PIlYSIOLOaiCAL ANATOMY OF PI.ANTlS. 

Sect. 1. Tni? STBucTrnu op Plants. 

5.59. The Physiology of Plants is that (hipartmeiit of Botany-wliieli 
treats of the phenomena of the Life of Pknts, manifested in a series 
of changes t^ng place in the diverse parts of M'hicii each plant is 
composed. 

These ports, as we have already seen (Mokphology, Chap. I.), 
are not simply fragments, combining to increase the bulk of the ob¬ 
ject (their size alone having no definite relation to that of the 
entire plant), but they are instnimenU, variously occupied in ])cr- 
forming the different functions, the continuous operation of which 
indicates thg existence of what ^c call life, y hese instruments 
are called Organs. 

The external characters of the Oigans of planfe, generally, hove lieeu 
dcHcriktd in the First Partpf this work, and a summary mdication of 
their functions has been conveyed by their classiffeatiwi under the heads 
of Vegetative and Reproductive (Irgans (§ 19). ;3hit the object of the 
Morphological chimfcrs was to' point out the conditions and relations of 
Form, as produced by the cxtoual^apes of the individnat’organs and 
their modes of combination. Here we frav,e to eju^me the phenomena 
of Vitality, ns displayed in the changes they nreaenwfc the cotuse 'of the 
Development, Growth, and Miiltiplicnticm of Plants. 

In the pursuit of this inquiry, it is sgon fouhd that tvo cannot go fitr 
without penetrating more deeply into the characters of Organs; for it is 
quickly perceived, as might be gathercid even from the manifold variations 
on eami type discoven'd.in the study of Moiphology, that mere external 
form is no sure indication, of the nature of the vilJ functions performed 
by the organs of plants, and that the physiological character of an organ 
is dependent in gmt part upon its inteinal composition, or, at least, that 
the existence of a partiqplar internal stmeture chiefly determines the 
function of an organ. 
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5G0. The physiological Organs of plants are themselves composed 
of a number of parts, which again exhibit a kind of completeness 
of their own, and a relation to Qie oj^ans analogous to the relation 


of the latter to the entire plant. These ultimate parts of organic 
bodies, arrived at long before we reach the limits of the possible 
mechanical divisibility of the objects, constitute the “ atoms,” 
physiologically speaking, of plants, and are called the Elemmtan/ 
Organs. 


When we procecid to subdivide by mechanical or chemical means the 
substance of tha vegetative or repniduetivo organs, we resolve it into a 
number of microscopic vesiedns and fibres; and then, if we attempt to di¬ 
vide these furtlier, their distinctive character is lost, and they become* 
men; frapnents of vegetable matter, only certainly rt3C0gnizable as of 
organic origin by their chemical eumpositfon. Under certain limitations, 
we may comptu'e a plant, or an organ of a plant, to a crystal. Each has 
its definite chameti!!- by which it is possible to distingiiisli it from any 
otlier olrioct. Hut we might pulverize the crystal, and yet any one frag¬ 
ment or sufficient size for operation would "display to the analyst all 
tht> chemical quidith's of the entire crystal ; and if we dissolved such a 
' fragtiicnt and crystallized it upon a slip of glass, we should perceive by 
means of the mici-oscope that it solidified into_a miniature i-epresentatioii 
of the original crystal; moreover, if we then’collected all the fragments 
and dissolved them, we might by carefiil evapomtion reproduce a crystid 
e.vaetly like tliat from which we started. 

Iji Vegetables (as in Anim.als) the case is eutimly different. When 
we cut a plant in pieces, the parts will differ not only in form but in 
sti'ucturc, and bear no longer any recognizable relation to each other; 
wo cannot reproduce the plant from them, and even the chemical ex- 
amiuaf^iiii of different fragments may give most diverse riisults—ultimate 
analysis alone, by which they am resolved into their mineral elements, 
arriving at the detection of a couunon bond am«ng them, fhat of being 
«formod of compounds whioli we only meet with in (trgamc nutUers. Above 
all, in the act of subdivision, although this may be carried to a high de¬ 
gree in plants without destroying life ('oven sometimes within the limit 
of single organs), beyond a certain point it results in the aunibilation of 
the especial force, thS org^izing or vital principle, bv which the organs 
were made to combine their activity to produce the distinctive character 
as an independent individual object., ’ 


561. The diversitJoa of form and consistence of the Elementary 
Organs give rise to all tho differences of physical condition in the 
organs of vegetation and reproduction; and dl those changes which 
collectively constitute the Life of plants depend on the combination 
of a multitude of minor operations which have their seat in tho 
elementary organs, singly or as combined into tissues. The study 
of the Elementary Anatomy is therefore the only secure foundation 
upon which to build €10 Physiology of Plants. 

562. The elemmUmj organs of'plants aye all referable to one 
primary type, which is not only recognizable through a comparison 
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of the fiiUy developed modifications, but is found to be the fonn in 
which all originate. 

This fiindamental organ of vegetable structore is called a CM, 

I and may be defined as a doted sac composed of solid membrane «««( 

' JUJed with fluid or semifluid matter. 

It must not, however, be overlooked that living plants can exist, at 
least for a time, without any bounding oell-mombiane. The j)erfect cell 
is taken as the fundament^ organ for convenience’ sake, and because 
it presents a definite form; it is not to be regarded as the ultimate 
structural unit, because detached fragments of it' are capable of in¬ 
dependent existence under certain circumstances. 

The form of the sac, and the consistrace of the membrane of which it 
is composed, are points of subordinate importance ; the condition of the 
fluid contents and their more or less heterogeneous character arc like¬ 
wise without influence upon the definition of tlie perfect cell as the primary 
element of the organic structure of plants; in which the absolutely essen¬ 
tial characteristics are—the existence of a membrane or coat forming the 
boundary ofiSe individual cell, and the contents, isolated by this boundary,' 
on whichdepend the physiological efficiency of the celL 

603, The Jell is the elementary organ of vegetable structure, but 
is not the smallest or most simple definite form in which organic 
matter may exist in plants. In Uie contents of colls we find granules 
of various* kinds <&c., and also fibres ; the former, however, are not 
direct constituents,of tissues, but occur only among the contents of 
cells, as more or less transitory conditions of assimilated matter; 
wlule the latter merely form parts of the structure of the cell- 
membrane. 

Under the head of these granules, we comprehend chlorophyll-cor¬ 
puscles, starch-grains, &c., together with filamrnitotts bodies like the 
spermatozoids of the Higher Ciyptogamia &c. Many authors describeL 
also what ere termed utriadar structures, minute celb within the cells f 
but considerable doubt exists as to the essentiality of the cavities which 
render some of the “ granular ” bodies vesicular, and, in any case, the coat 
of the hollow granules has no analogy to the wall of a true cell, since 
it is the active and efficient part of the “utricle.” Further notice of these 
structures is reserved for the description of nuclei, chlorophyll, &c. 

In regard to the flbres, those whidh were formerly regarded ns distinct 
firam the membrane of the cell are merely thickened portions of the wall, 
depending on what are called secondary depositB. 

564. Plants of the lowest organization consist of the ultimate or 
elementary organs in their simplest terms, and may even be so 
simple as to consist of a single elementary organ or cell. A step 
higto, we find plants. composed a! a few ^Is connected together 
into a definitely arranged group in their earlier period of existence,. 
and subsequently separating entirely into the constituent ceUs, eadi 
of which lays the foundation of a new neiony. 

fibomples of TTmcellnlar {daots, in the stiicter sense of the word, an 
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fumifilied bjf the &eo Besntidieee &c., such as Closieriwm (fiu. 463, B, c)— 
of the families of essentially independent cells, also included under the 
name of Unicellular plants by some authors, the geometrically grouped 
OmuidieeB (fig. 463, n, a) and the PahneUea. 

565. By far the greater part of the species of plants ore composed 
of an indefinite number of cells permanently combined together, 
forming what arc termed the twauw. If the cells entering into the 
composition of a tissue are essentially alike, they form a simple tissue ; 
if colls which have undergone modifications which give them an 
essentially diverse tiharacter are combined in an anatomically well- 
defined tissue, this is called e f^omvound tissuM 

In the Algie, especially the simpler membranous or filamentous forms, 
we may readily see the uniformity of the character of the cells throughout 
the tlutUm (p. 437); the same uniformity prevails through the cdls of 
such tissues as the pith of Dicotyledonous steiAs &c. But if we examine 
the wood surrounding this pith, or .e.yen the ribs running into the leaves, 
we find a variety of conditions of the elementary organs within the well- 
defined limits ol these portions of woody tissue. - -m 

566. The simple tissues of plants are divisible again mto two 
primary groups, according to the mode of union of the constituent 
cells. In proper CeUular Tissues , the cells, however firmly coherent, 
itro only in contact \ij their warn, which form a persistent boundary 
between them. In a series of tissues most extensively developed in 
plants of high organization, the cells enter into zilosor rdation, be¬ 
coming confiueut by tliO absorption of their contiguous surfaces, 
and thus converted into more or less extensive tubular bodies, which, 
in their various conditions, form what are called the ducts and vessels 
of plants. These constitute the Vascular Tissues. 

What are called the vessels of plants are realty compound clemenfaiy 
organs; but it is not requisite to enter into more minute distinctions here, 
since the phenomena of,/Won of cells into such compound organs are not 
very varied in plants, and in all coses the composition of the structure 
from a number of distinct cells is very evident 

567. The tissues, simple and compound, enter into the compo¬ 
sition of the Organs of Yegetation and Heprodnetion of Plants upon 
a certain gener^ plan for any pafticolar kind of organ, but under 
specially modified arrangements, referable to a progressive scries of 
types, in the sevdral large Classes of the Vegetable Kingdom. 


Sect 8. The Ceu,. 

Form and Magnitude. 

668. The ^apw and sizes of the cella of-plahts are determined 
bv causes of ^o kind^ nammyi^eir oto mws tit growtl^, wwE 
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are inbomtod hereditary; and the favourable or obstructive influences 
trliich bear upo^ their .development in each particular case. 

As a geher^ statement, it may, bo said that the primary form of 
the Vegetable Cell-is that of a sphere; and that deviations from tnat 
typo are more or less attributable to secondary influences, arising 
^om the connexion of cells in coherent groups. 

The spherical form is usually found in cells developed freely, i. e. not 
ariring &om. mere’ subdivision of a preexisting cell. Thus -wo lind em- 
biyonaiy cells and endospenn-cells in the euibiyo-sac of Phoucrogamia, the 
spores of somc 'Ciyptogainia, together-with many of tile lower plants com¬ 
posed of one pr leV cells only, such as thffle of growing Yeast (lig. 4(W, a) 
&c., presenting the sphericiil as the original form. But by far the most 
frequently occurring spherical cells, such as many pollen-grains, spoi-es, 
those in the pith of young shoots of Ilicotyledons, of the pulp of fruit, &c., 
assume this form BUDsoquently to the earliest stage of development, being 
placed in. circumstances which allow them to expand freely according to 
their natural tendency. . , ' 

560. Ihe abo¥6 general statbmeut is subject to certain iiliportaut 
exceptions, in which deviation from the typical form exists without 
any interiierenoo trith the development of the coll according to its 
own laws; these arc met tvith principally in the lower cellular 
pjants, especially the Uiiicollular in which wo find single free 
cells .-wsuiBing tie most varied but specifically determinate forms. 

Fixamples of this are offered not only by the I}estntd{ea>, but by the 
more unequivocally vegetable / 'auc/irnee, JMrytlium (tig. 462, e), and 
others. 

570. The intorfering influences a^vc referred to are of two prin ¬ 
cipal kin'cls , namciyspecial dinictiotas assumed in the dovcilopiueut. 
in olmdieiico to a law regulating the stmeturo of the organism, or of 
the tissue, of which the cell forms part; and obstruction to the pos¬ 
sibility of expansion in certain directions, from the pressure of sur¬ 
rounding cells. 

Those influences tfte very fruittul in producing variety of form. The 
first kind is the most important, and determines the general form of the 
cell; the second in most coses affects merely the shape of its external 
surfaces. The form of the cells of fuUy doyeloped tissues is usually the 
result of both kinds of intiuenee combined. 

571. In cells existing in combination we find threfi principal classes 
of forms, referable purely to the influence of the law of development:— 
(1) sjtlutroidol, obedient to the fundamental typo; (2) the cylin- 
driml, in which thcha is a more or less considerable tendency to elon¬ 
gate in the direction of a vertical axis; and (3) the tabular, in which 
there is an excess of development in the direction of the two trans¬ 
verse axes. 

The spheroidal form ircsents every possible transition from the sphere 
{Protocoenu, poUen of Pasgiflora, Htbweus, cells of cortical parenchyma 



THE CELL. 


473 


fif'. 470, &c.), through the ellipsoidal (usual in longer or shorter forms in 
the suhopidemial parenchyma of leaves), to the futiform or qmdle-fhape 
(most abundant in the cells of ■wood and fibrous-structusss, fig. 471), and 
the, .liTuly cylindrical, either oi moderate length ^(cells of Confljrvm, fig. 
406, &(!.), or drawn out so as to beconie what is termed.(i^otton, 
and other cellular huirs^. The spheroidal form also passes grimually, 
especially in epidermal tissues, into the tabular form.' 



Fig, 470. Mon>iiohymatoti8 oeUs of the rind of Kug^orbM MnaHetuis. Magn. 100 diam. 

Fig. 471. Liber-oetlB of Ooeoa botrjfophoru; Atugn. 50 dtam. 

Fig. 47S. Ffu^nohymatous cells from the leaf of OreAitfintwctffo. Magn. 200 diam. 

572. Secondary modifications of these forms arise chiefly either 
>om partial cohesion in lax tissues, from irregular growth, dr fiom 
pressure in densely packed tissues. 

Thus the spheroidal form becomes, in lax tissues, an irregular spheroid 
in endless varieties (commonest of all in the parenchyma of leaves and 
rind of succulent stems), running out by deg^^ into lobed and finally 
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stellate fonns, by exclusive development of tbe fiee surfaces while the 
contiguous cells remain attached at a few points, e.g, in cells of the paren¬ 
chyma of leaves and leaf-stalks of many Monocotyledons (%. 472), Mvsa, 
Sagittaria (tig. 473), &c., and above all in the pith of KuEmes (fig. 474), 
and the stems of various a(]^uatic plants. 

The mutual pressure ot cells, commonly exerted in stems, in seeds, 
hard parts of fruits, &c., converts the spheroidal into polygonal forms, of 
which the more or less regular dodecahedron or tetradecahedron, giving an 
hoxagoual section, and arising from equal pressure in all directions, is 
perhaps the commonest (pith of fully developed shoots of Dicotyledons, 


Fig. 473. Kg. 474. 



Fig. 473. Brotios of a aopttftn of an sir-omal in UiBjm'tiole afSagiUttria. Uagn. 300 diam. 

Fig. 474, Binllate mllularTiBaue ftxrni the petiole ofBndt. Magn. .300 diam. 

Fig. 475. Stellate hair from the petiole of Xi/mpiaa advetia. lugn. 200 diam. 

such as Elder, &c.), or cubic, found in woodjr frui^ &c. The cylindrical 
becomes under the saipe circumstances prismatie, either dx-sided with 
flat ends, or with three rhomMc faces a{ top and bottom, Ihe common form 
of the cwular tissue of the stems of herbaceous stems (fig. 476)j or 4-8ided 
with ^t ends, as in the meduUaiy ttm of IKcolyledons, or with conical 
or oblique ends, the common form ot wood-cells. Less frequent are the 
forms of sporm_ and pollen-grains, sometinieB only temporary, sometimes 
permanent arismg from the develojiment of four cells ^ segmentation of 
a sphoioal parent cell; these sometimes appear of the form of quarters of 
an orange, sometimes m tetrakedra, the curved surface forming the base of 
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the pyramid, lii the tabular forms of the cell, the mutual pressure gene¬ 
rally confirms an originally rectangular fimire, the tabular cells of epi¬ 
dermis and cortical structure being usually of quadrangular or polyan- 
gular figure, flat above and below (fig. 476); but in these we have some¬ 
times a complication from expansion, under pressure, principally in certain 
directions, cells of epidermis of many plants exhibiting side-walls thrown 
into sinuosities following a particuliu pattern (fig. 478). 

673. By far the great majority of cells in the higher plants origi¬ 
nate in forms analogous to those produced by pressure, since they 
multiply by division, and the septa dividing two newly formed cells 
have ordinarily plane suifaoes (fig. 477): a sjdierical cell forms two 


Fig. 476. 



Colls of the pithof/tnintiiuinonis, seen ins vertioalseotioiu ZOOdiam. 

hemispherical cells &c.; a prismatic cell dividing perpendicularly, 
two half-prisms, or, if horizontally, two superposed shorter prisms, 
&c. As a general rule, these celis have a tendency to assume the 
spheii cal (or cylindrical) form in their earlier ttages of growth, while 
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the whole mass of tissue is lax; and if they are set free, as in the 
case of spores, pollen, &c., they often become quite spherical. But if 
they form part of a jKJimanont tissue, the expansion of the organ of 
which they form part stops at a certain point, before they cease’ to 
swell, and thus the mutual pressure comes to bear upon them and 
causes the production of plane surfaces. 

We may trace this by making sections of the pith of a shoot of Elder 
from the growing point or pmitium vegetatumix downwards ; at the point 
the nascent cells are squarish; lower down they have swollen into sphe- 

Fig. 477. rig. 478. 



Fig. 477- Young i)rothaUtum developed from the Bpore of a Fern (Pieris serrfUaia)* 
Kagn. 200 diiuu. 

Fig. 479. Fpidermia of the lower aorfaeo of the leaf of MeUaborusJteiuliut, with etoinata 
(a). Mtign. 200 diam. 

ical, while when full-grown they arc dodecahedral. The similar change 
iom cylindrical to prismatic takes place in the cmnhittm-eelh of annual 
iema and shoots; out in lucceeding years th^ cambium-cells formed by 
livision of preexisting cells exhibit a rectangular outline first and lost, 
inly increasing in diameter, ohiefiy in a radial direction. 

574. The magnitude of cells is very varied. About of an 
noh may bo'taken as an average gf the diameter of paronchyma- 
iells; the cylindrical ceUs are espetdaUy remarkable for the great 
engfe they olten acquire as contrasted with .thoir transverse dia- 
meMii, and with the transverse and perpendicular diameters of other 

vffce huger cells of the pith of the Elder are about ’®f ™ 

diameter, but is to bh regarded os a huge diameter in parenchyma. On 
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the other hand, the spores of Fungi afford examples of extremely minute 
dimensions, such ns to To’kffOf The cylindrical cells of 

wood are not uncommonly A of an inch in length; liW-cells sometimes 
from to or J of an inch (Flax). Ilaira composed of one or more cylin¬ 
drical coUs, and the cylindrical cells of some of the Confervaa, especmlly 
Vaucheria, Bryopgig, &c., and Cham, also attain longitudinal dimensions 
to be measured in inches, while their diameter is estimated in hundredths 
of an inch. 

The GeU-waU, 

575. lu all young ccUs the wall is of membranous nature, and in 
many cases it always retains this character. While young this mem¬ 
brane is freely pcrnicuble by water, clastic and llcxible. As the 
coil-wall grows older it becomes altered in conristcuce and firmer, 
opposing a greater obstacle to the entrance of water into its substance, 
independently of any groat increase of tbickness, as we sec in cork- 
cells ; when it increases in thickness it may remain soft and flexible, 
or become very dense, but in such eases it generally remains tolerably 
freely permeable by water, even when most dense, while the softer 
kinds absorb water so readily that they swell up considerably when 
wetted. 

Membrane of living cells always appears to contain water as an essen¬ 
tial part, almost like the water of crystallization in hydrated salts. "Wlieii 
diiea, cells contract more or less; and many phenomena of bursting of 
fruits, sporanges, &c. are the result of the tearing down of weak rernons 
of cellular tissue hy the contraction of firmer tissues in drying. Cellular 
tissues witli soft thick niembrar'!, like those of the Algai &c., contract in 
diying so as to cause the shrivelling of the structure. All such tissues 
absorb water when wetted, and swell np again, but do not in all cases re- 
ossume their original fle.\ibility. Cells of wood, liber, &c. also expand 
when wetted; but the exjmnsion takes place in a direction transverse to 
their axes, and they usu^y contract in the longitudind dimension as 
they swell laterally. Hence, although wood and fibrous structures swell 
in water, it is only in the direction aerm the gram, and cordage simul¬ 
taneously conJSraetg in the direction of the fibres. 

Diluted sulphuric acid and alkaliao solutions cause a swelling of the 
membrane of most cells, of which advantage is sometimes taken in woven 
fabrics to render the stall' closer in texture. By soaking in an alkaline 
solution, the single fibres are* made to swell so as to come more completely 
into ccmtact and fill up the interstices. 

576. Primary, unaltered ooll-membrane is colonrleBs; subse¬ 
quently it becomes coloured, usually of a tint of brown, apparently^ 
by infiltration of substances formed in the contents, since by boiling 
the membrane of old, deep-brown tissues with nitic acid, or with 
Bolntion of potash, the oolouipg-matter may be extracted. 

577. The original membrane of a newly formed cell is, as far as 
we have the means of perceiving it, a homogeneous layer of substance, 
the j)orotM.nature of which is only to be conchded from the fimt of 
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its permeability, no visible pores being revealed by the most perfect 
microscopes we possess. 

It is important to note this homogeneity of the primary cell-wall, 
as tlie membrane almost always becomes marked with dots and lines, 
indicating inequality of thickness, as it becomes tliicker. 

578. This primary membrane apiwara to have the projicrty of 
growing by what is colled intussusception of molecules, since it 
expands to accommodate the increasing contents of the coll in cidl- 
growth, without any indication otstnieture necessarily accompanpng 
the expansion. ■ 

Ifo better example of this can he mentioned than the growth of th(< 
pollen-tube of Phancrogamia, which snmitlimes acquires a length of 2 
or more inches (Caclits) without ever departing from the homogeneous 
pellicular structure. 

Cell-membrane, however, may increase in size bv expanaon, as we see 
in the cull-division of (Edogonium, in which a thiciienud ring of accumu¬ 
lated cellidost! is stretched out by the elongating cell and becomes a thin 
membranous coat to the latter. , 

The molecular structure of cell-membrane has been studied by Niigcli, 
whn,fix)m his researches on the constitution of the membrane of the starch- 
grain by means of polarized light, comes to the conclusion that all organic 
substances are composed of m/gtalUtui molecules grouped in a definite 
, maimer. When dry the molecules are without interspaces; when moist, 
each molecule is surroundeil by a thin film of water. Niigeli further 
supposes that each molecule is made up of a number of atoms, similar to or 
identical with the atoms of the chemist. The molecules are of different 
sizes; those portions of the structure richest in water have the smallest 
molecules. The molecules themselves are of the nature of crystals with 
two optic axes. • 

. 579. The walls of almost all cells soon exhibit a departure from 
the original simple condition, arising from the formation of now 


Fig. 479. 


Fig. 480. 
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lamelliB, more or less resembling the primarjr membrane, all over, or 
over particular ports of the inside of the primary membrane. These 
are distinguished as secondary layers (figs. 479,480). The con jistence 
of these layers, and the mode in which they are disposed, produce 
the most important diversities of character of the walls of fully 
developed ccUs. • 

The laminated condition of cell-membrane m&j be well observed in 
simple cellular structures by treating fragments ot Chduphora glomerata, 
or otlier large Oonfervoid, with diluted sulphuric acid. The kminss are 
very visible in cross sections of the cells of wood and liber after these 
have been boiled foi^a short time in nitric acid. 

580. Besides the primary membrane and the secondary layers, we , 
find in certain cases a kind of envelope which has been variously • 
explained by different authors. The filaments of some Conforvoi^ I 
(Sjpirogyra, fig. 465), of IJesmidium, &e., the families of celb of' 
Palmdlece and Nostochinem, are siUTOunde^ by a coat of gelatinous ' 
consistence, outside the proper ccll-membrauu. This appears to be 
produced by tho soitening and swelling up of the parent cells (of 
many generations) of tire cells which are surrounded by such 
envelopes. 

These gelatinous coats ore apparently analogous to the wtercelhUar 
substance, as it has been called, to be mentioned hereafter. 

581. Another layer is characteristic of many cell-membranes, 
which are destined to protect the subjacent tissves, or their own- 
contents, from the action of the atmosphere, namely those of epi- ‘ 

, dermal cells and of pollen-grabs and spores. These exhibit a super-j 
fidal pellido, of varied character as to thickness, texture, and markbg, 
which pellicle appears subsequently to the first formation of tho ccS. 
Tliis, like tho gclatbous coat just described, is a structure altc^othor of 
secondary character, but is distinguished from the ordbary secondary 
layers of thickening by its position on the outside of the oell-woll. 

It is still a moot question whether these pellicles are secreted by the 
primary membrane on the outside, or are formed by transformation of tire 
outer raminsB of the primary membrane itself whose place is then taken 
by some of the outer seconuary layers. This subject will bamore dwelt 
upon under the head of the cuticle. * 

682. The secondary formations on the bside of the cell-membrane 
may (1) correspond in character to the primary wall, m which case 
the cell-wall is simply thickened by new lamellffi; or (2) the new 
layers applybg themselves equally over the waU, leave certain parts 
bare, wluoh appear as dots or pits of vtoious forms when viewed 
from the inside (%b. 481, ^ b) ; or (3) th^ are applied only over 
parts which form peculiar patterns upon the primary wall, and appear, 
when of sufidoient thickness, like^rss adhering to ii^ spiral, annular, 
or connected mto a kbd of network. 
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Those secondarj layers which resemble the primary wall, althouj^h 
uniformly deposited, present in certain casus an appearance as thoiwh 
their mmecules were arranged in a spiral order, since line spiral sti'c^ 

Fig. 481, B. ' 

Pig. 481, A. 


Fig. 4S1, A. Bi-otion of cellsofthc •mdiwiK'rm ofs Snco-Fnlm. Mngn. 200diain. 

Fig. 481, IS. o«!U‘’wallB of the oeUs in A. 500 dimn. 

may sometimes be detected, after treating them with acids and by other 
means, and many of them are apt to tear in a spiral direction. The 
excessively delicate spiral marhing here, referred to (seen in libtir-cells of 
Vinca (fig. 48.3) and most Apoeyuacero and Asclepiadaceie, in wood- 
cells of JwiM, in the cell-membifuie of Jlydrodictyon, &c.) must not be 
confounded with a deceptive appearance resembling a much coarser spiral 
atriation produced,Iw treating the membranes of Oonfervro, the parcn- 
chyma-cells of Orcfm, Cueurbita, &c. with sulphuric add, where the 
appearance often results from the irregular convolutions of the swollen ^ 
lameUse of the cell-waU. 

683. The uniform kind of secondary layers are sometimes accumu¬ 
lated at one side (fig. 484), or in the angles of cells (fig. 485): thus 
they are much tluoker on the side of epidermal cells next the air; 
and they fill up the angles of the cells of the fieshy endosperm of 
many seeds, the ceUs of the coUendhyma found beneath the rind of 
Chenopodiaoeae, and the cells of the leaves of NympJum, of some 
Jungcrmanniaceee, &o. Tliere is reason to believo that, in some 
instances, ^e cell-wall thickens at certain seasons and becomes 
thinner at others; but this appearance may arise from an alternately 
swollen and contracted state, and not from absorption and re¬ 
deposition. 

These will be spoken of again under the heads of q^dermis and tntcr- 
t^lular substance. 

584r. depodts leaving spots of the primary membrane bare 
form are called pitted, or, less properly, parous cells. They 

E '^ ie walls of most edls of the parenchymatous structures of 
plants, in the form of roi^ spots (fig. 476) where the 
raaoos oeU-ur^ is thinner. In wood-ralis, in liber-cdls. 
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and the greatly thickened cells of fleshy endosperms, hard seed-coats, 
&o. the application of a great number of secondary layers upon 
the wall, always leaving those spots bare, converts the pits into 
canals ninning out from the contracted cavity to the primary wall 
(flgs. 480, 481). 

The marks are really always pit* at first, as may bo seen by colouring 
the cel l-menibrane with iodine. Hut in old wood-cells they appear some¬ 
times to become holes, by flitrabaoi'ption of the primary membrane which 
formed a kind of diiiphragiii over the outer end. 

These pitted iiuirktiigs may be circular,.oval, or elongated, transversely 


Fig. 484. 



Fig. <182. Liber-cell of PeriwinUtf. Kagn. 75diam. ».■ 

Pig. tISi). Pragment of tilie celt lE flg. ningEUied >UK) diom* ipinl linci on tiic oppo* 
site side of the cuU Hhow through and cron.) 

Fig. 484. Vertical section of epidennis of I aUmm. with many thiokonine layen. Maga. 
400 dinm. 

•Fig. 480. TiuERTom sootion of cells of the pe^ole otNjfwpkma <Uba, showing the Inminstcd 
. ws2L Idagn. 500 diam. S 

Fi& 486. Fragment ft pitted duct of £anrtt«&*anq/ra«* Hags. 3)0 diani. 

T 
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or more or less oblio^uelj, bo as to approach to the appeuanoe of dits. 
Sometimes the later secondarj deposite do not extend quite to the edge 
of the aperture in the earlier layers, and the successiTe layers may so 
retreat from this edge that the canal becomes at len^h funnel-^aped; 
in this case the pit, when seen in fi*ont, presents a double outline, one 
corresponding to the outer end, the other to the inner and wider end 

This condition may be further complicated by the existence of a len¬ 
ticular depression between the contiguous outside wdls of pitted cells, as 
in Conifene (hg. 487). The outline of this depression ^ves the appear¬ 
ance of a circle surrounding the central pit. i^chauht, however, asserts 
that the' pit is a real perforation, and, further, that in the vtaj young 
condition the lenticular cavity between two adjacent cells is divided into 


Kg. 487. B. 



. _ ^ • Fitf. 487. Pitoor**Glaiidi**ofCo]iiftirB« 

A* Part of a wood-cell of bilobai in Tertioal leofeion. Ma^ 500 B. Tranaversf’ 

^tion oi a wood-cell oi Amu Pineat a, a boede^ piti or **gland/' 1000 diam. 

0. of the wall of a wood«ceU c^Pintu Pinao, with a bordered pit or ** gland :" 

a,the|itt; the large rtnf» caused the lentiotUarinteni)aoe (a). Hagn. lOlX) diam. 

two empsTtments bv a thin longitudinal partition, which is the prkuai'y 
deposit of the two cells. The lenticular cavity is formed bv the resoiption 
of.tiiiB deposit, and acommunicatipn established between the two adjacent 
These erected pits (or macul^ as Schadht calls them) are not, as 
^ce sunpp^, couiinea to the Cmdfhns; but they are uuiverswy 
flmha throughoot’Otat group with a regularity of disposition and constancy 
rfbewtrience not known elsewhere. ' . 

. 583,4. Avtber complication of the pitted struoti^ has, moreover. 
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been described by Von Mobl as ooouiring in the vom propria of the 
vascular bundles of Monooofyledons, and in the thin-wallcd cells, 
layers-of whidi alternate with the long woody fibres in the liber of 
Dicotyledons. In these cdls, which that autW calls “latticed” or 
“ clathratc ” cells, the membrane which forms the diaphragm closing 
large pits is marked with an excessively delicate network, apj^arently 
formed of fibres applied upon the primary membrane. This occurs 
not only in the pits of the side-walk, but in those which are found 
on the septa between cells standing one above another. 

This discovery is qf much interest, and is likely to draw more attention 
to tlie libcr-struatures, which have been neglected by anatomists, but 
which may possibly take an important' share in the mstribution of the 
elaborated sap. 

586. The “fibrous” secondary layers may present the form of a 
single si)ir!il band, running finm one end of the cell to the other, 
and M'ith ~tlie turns of the spire quite dose, or more or less distant 
(fig. 488); or the spiral band may jje double, triple, or oven consist 


Fig. 400. 



Fig. 480. 



Fig. 488. dell ftwn the qiorangium of liquineium arvente. Kagn. SSO dum. 
Fig. '18H. iVom the iiporangiuiii of Marehantisi potfmorpha, Magn. 250 
Fig. 490. CelU from the leitf of iSa/uwviem guinemaU, Ma^ 400 diam. 


of MX or more parallel bands. Verj'^ften these spiral secondary 
deposits are sufficiency elastic to allow of Iheir being stretched on^ 
the comparativdy thin primary membrane to whidi they adhere 
giving way at the interstices. 

In fte cells of the Mat of the seed of (MonSit, the primaiy membn^ 
becomes, during .ihTIriueuing of the seed; converted into a sabstsoe#: 
which softensvand swells up in water j so that, when this atroctuie if 

i2 
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wetted, the spiral fibre springs out, opemng its coils widely like a wire 
spring. 

687. The annular thickenings (fig. 489) are loss comraoii than 
the spiral, but occur aomctinics in the same cell, and also in asso¬ 
ciation with the next kind, the reticulated. The rings arc generidly 
at soma little distance apart. 

688. The reticulated secondary layers may be uniform oveFthe 
wall of the cell, or irregular (fig. 400), which is more fro<iucnt. since 
the ordinary cause of the reticulated appearance is the fonnation of 
vertical conne<!ting bars between rings or spiral .coils, at the angles 
of the cells; when this occure very regularly, a laddcr-likc arrangc- 
ment results, giving what is called the scalarifonii stracture, espe¬ 
cially frequent in the vascular structure of Ferns (fig. 491). 


Fig. 491. 


Fig. 4()2. 




Tig. 491* Fragment of a ncolarifonn tcrdoI of a Troo*F(‘m: tr* walia in contact tvilh other 
vrmrla; A, b, walls in contact with cells. Mtign. dUm. 

F4{* 492. Wood-cells of Tew; -ve^eal section. Hagn. UOU diaiu. 


The connecting bars of the reticulated and K-a1arifinrm cells must not 
he supposed to originate after the rings or spirals; they are contempo¬ 
raneously developed; and the diversities in the closeness of .the coils of 
cells are likewise original Mculiarities of the deposits. The statement 
that the turns of spiral cods are opened by longitudinal growth or^Gc' 
primary membrane to which they adhere seems to he founded on specS? 
lative notions. 

The spiral structure of secondary deposits is beautifully seen in the 
elaters of Jimgermamiia and MareJimdia, in the cells of the aerial roots of 
epiphytic Orchids, in the cells of the wood of Cactacese, and in the spiral 
ves^s of the veins of the leaves and leaf-stalks of Monocotyledonous 
plants, .such as the Hyacinth, ]!(arcissns, Muea (which presents as many 
as 20 pamllel bands), shoots of Elder, loaf-Stalks of garden llhubarb. 
Strawberries, &c., olao in the petals of delicately organized flowers. .Annu¬ 
lar cdls axe well seen in the sporanges of Marchantia and other Liverworts, 
and in many of the structures just mentioned with spiral and reticulated 
cells. The scalariform mfriring is most r^ular in Ferns. 

689. Tho scalariform . thickening approaches very nearly to the 
more regular forms of dotted thickening above described, so that 
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the spiral-fibrous and the dotted forms appear as the extremes of aa 
analogous kind of structure. 

In many wood-cells, especially in root-structures, the reticulated or 
sealariforni cells have the meshes so small that they become in fact 
pitted .colls. 

In some cells both kinds of thickening occur , so that it is con- 
veniont to distuiguish tertiarii layers. In tte wood-cells of the' 
Yow (fig. 492), of the Lime, and other plants the secondary layers 
are pitted, and a tertiary deposit subsequently appears in the form 
of a spiral fibre. • 

The pits on Iho walls of contiguous cells correspond, and they do not 
gmieially occur opposite intercellular spaces, or on the outside of epidermal 
cells; but exceptions occur to both these rules, to the latter especially 
in the loaves of Ci/vm. The first mie lias much influence on the marking 
of the largi.' cells forming part of ducts, which are often in contact with 
several cidls, one above another, and with parenchyiua-cells,' other ducts, 
or with intercellukr spiu.-es, on ditlerent sides. Itt the wood-cells of 
Conifer®, the peculiar Donlered pits occur only on the sides parallel to 
the medullary rays, not on the internal and external walls. 

690. (VU-membranes, iiieliidiiig the secoudaiy layers, are composed 
of the siibstnuco called eellulo^ which is one of a class of organic 
cniiipound.s inliiuatcly connected as regards chemical constitution, 
but pre.si'nt ing roinarkablc physical dift’orcuces. Of these compounds 
the most important are:— sugar m i.^dex trine, soluble in cold water, 
and occurring in solution in tS^ celt sap; insoluble imculd, 

bnt softening and swelling into a mueflagr in boiling water, and 
found in tho form of granules in the cell-contents; and eelludiae, 
insoluble in cold or boiling water, alcohol or ether, obstinately re¬ 
sisting the action of alkaline solutions, bnt soluble in strong sulphuric 
acid, and forming the permanent solid parts of vegetable structure. 

591. (^ll-mcmbranes, comtwscd of 
p ure coHulose' orldnallv^ nnde^o 
etong es at; subsequent pcnods which 
alter, in a marked manner, thar beha¬ 
viour Inwards chemical reagents; and it 
is not at present certainly ascertained 
what is the real cause of the scries of 
modifications which they present. If 
we compare the membrane of a nascent 
cell, of thick-walled parenchyma, the 
solid and often dark-coloured wjills of 
tho colls of old heart-wood, of liber- 
cells, the very resistant membranes of 
corky tissues, and the layer* of gela¬ 
tinous or cartilaginous copsistence so 
abundantly devdopod in the larger 


Eg. 493. 



Wl31 of the oellsof the liber of Gmm* 
primary membrane; oldeit 
•Mondary layen; fit more recent 
secondary byers; the layen 
aul'hed b are strongly incrORad. 
Xagn. 600 disjn. 
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AljWB, WO moot with extremely diftferent oharacteriaticB, for the ex ¬ 
planation of which different vic^ are entertained. On tho one nand 
it is amd that the ceUnloso produced in the formtion of tlie original 
membrane or layer of thickening becomes gradually converted into 
different but related chemical compounds; on the other, that the 
oollnlose layers become impregnated by foreign substances, gradually 
infused into them from the fluid contents, such substances being 
distinguished by the namo of inermting matters (fig. 493). A third 
view is that of Frcmy, who considers that there are several kinds or 
modifications of cellulose, and, moreover, that th(»e vegetable struc¬ 
tures formerly eonsidered to be made up exclusively of cellulose, 
contain matters of a different chemical composition. ■ .— 

Cellulose, as found in the organized condition of eell-memliranc, 
appears to behave somewhat differently to chemical reagents according 
to the state of aggregation of its particles (that is to snv, its density); for 
nascent cell-membranes will in many casi^s assume a violet or even a blue 
colour when treated with a strang solution of iodine and washed with 
water, like starch. The same is the case with some of the semigelatinous 
layers of thickening met with in tlie endospt'rm or cotyledons of certain 
seeds (called mm/loM), and, moreover, in the tioll-structures generally which 
have been treated in the way described below, to remove the so-raUed 
incrusting matters.” Ilut as a general rule, ctdlulose does not take a 
blue coloiur with aqueous solution of iodine, unless some other agent, 
especially sulphuric acid, is applied at the some time. A solution of 
iodine in chloiide of zinc brings out a blue colour in fully developcjd 
cell-membranes, still more readily than the sulphuric acid with iodine. 
These reagents readily affect newdy formed tissues in general; and the 
more delicate kinds of ceUular tissues are permanently sensitive to them. 
But after a time the thicker cell-membranes, and especially those of woody 
tissues, the cartilaginons structures, and the tissue of ^dermis aud hoi'k, 
no longer become blue, hut only yellow or brown withtne abbfb reagents; 
and it is the real cause of this alteration which is the subject bf' tm' dif- 
ferenee of opinion above referred to. 

By maceration for several hours, or boiling for a minute or two, in nitric 
acid for woody and cartilaginous tissues, in strong solution of potash for 
epidermal and corky tissues, bringing the cells to a point where thay stiU 
exhibit all their structure, hut are bleached and softened, then washing 
them with water and applying iodine, a blue colour is produced, like 
that appeariAg in nascent ceUulose, or in tolerably new tissues under the 
influeuco of sulphuric acid. 

It remains to he ascertained whether these processes alter tho com¬ 
position of the cell-membranes, or merely remove infiltrated matters of 
nitrogenous composition. The latter view is supported by the fact 
that, in imperfectly prepared objects, some of the more resisting layers 
appear green, which would seem to result from an optical combina¬ 
tion of the blue of the cellulose with the yellow of an infiltrated 
matter. At the same time it must be noticed that the cellulose is 
bright into a conditian approaching that of starch, only normal in 
nascent membranes aud in tiie aemiaolid depoaita of “amyloid” above 
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mentioned. FrtSmy, as above stated, consideis that there are other suh- 
stanoaa besides ceUidose entering into the composition of vegetable cell- 
walls. True cettulose forms, the .cell-wall of the cellular tissue ()Jf buk, 
fruits, roots, &c., and is soluble in ammoniacal oxide of copper. J^ra- 
celMoee is found in the cells of the pith, the epidermis, the mednllary rays, 
&e .; it is soluble in the copper solution, but onlj^ after special treatment. 
Fibroee is the constituent of the wood-cells, and is insoluole in the copper 
solution, except after spedal treatment, but soluble in strong sulphuric 
acid. Vamuoee, the siiVttance of which vessels are formed, is insoluble 
in hydrochloric and sidphuric acids and in the copper solutions, but soluble 
in boiling caustic po|astt. 

592. Cell-membrane in most cases contains a certain amount of 
iaorganic mailter but tluB is protiably attnbutaMc iii gener^ to its 
being saturateJ^ virith the watery cell-sap,, in which various salts 
exist in solution. In particular cases, however, there is a special 
deposition of inorganic substance in the walls of cells—as, for in¬ 
stance, in the Grasses and the Equisetaccas, and the Cano-Palm» 
(Oaf/imiis), where the epidermal structures are so loaded with silejt 
that they not only acquire a hard texture, rendering them harsh to 
the .touch, but, when the organic matter is destroyed by burning, 
a complete skeleton of the tissue remains, entirely formed of 
silex. The siliceous coats of the Diatomece afford another striking 
example. 

It is not yet clearly made out whether the silex is hero deposited in a 
layer upon the cell-membrane, or interpenetrates its substance; but the 
latter is probably the real stab' of the case. The pericarp of some plants, 
os Lith/ospemium, contains lime, in what form it is not certain; but the 
carbonate of lime incrusting the cells of many species of CItara is dearly 
a mechanical deposit upon the outside of the membrane. - 

693. inhem^i ^nous wall of the vegetable cell is or^narily a 
nermaneSTstruciure ; forming the “ skeleton ” of plants. It usually 
remafns entire until the decay or destruction of the organism in 
which it exists. But we have already mentioned that it becomes 
absorbed or dissolved, ultimately, at particular points, as at the con- 
tignquB end-surfaces of those cells which become fused together tc 
form vessels or ducts; and in the case of the layer closing the outei 
ends of the canals of the pits or wood-cells, a similar destruction 
of the primary membrane seems to occur. A phenomenon oi 
this kind is distinctly presented in the large spiral-fibrous cells oi 
Sphignum (fig. 494), where the walls of old colls are found perfo¬ 
rated by large round orifices, produced by the separation of circulai 
pieces of the cell-wall, and in the cells of the leaves of Leueohryun 
glaucum (fig. 495). In the cells of the Confervoids producing zoo¬ 
spores, the wall breaks open at definite places to allow these b 
escape, exhibiting small lateral or terminal orifices in Oonferm 
(fig. 465, 0 , d) dec., or breaking quite across by a circular slit in (Edo 
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gotuum. In this last genus the, cell-wall breaks across in the same 
wa 5 ' in cell-division, to allow the new cells to expamd ; and in one 
of tha Palmellece (SchizoMimyx) the wall of the parent coll splits off 
in segments every time a new generation of cells is formed. 


Fig. 494. 



Pig. 494. Cell of the lenf of eymbifoNvm, with annular fibres and orifices in the 

wall. Jifegn. 400 diam. 

Fig.405. Porous cells of the leaf of Zeuctibryum ghtMCumi vertienl section. Magn. 

400 diam. o' 

In the formation of the ultimately free cells composing pollen-grains 
and the spores of the higher Cryptogamia. the cells are libemted from 
the parent cells by solution of the wall of the latter. A still more 
curious phenomenon occurs in the process of con/ttffntion, where two cells 
coalesce by complete union of Iheir walls. The last cases appear i%Iated 
in some degree to the origin of the gelatinous coats of the P<ilnielleee and 
other Confervoida, which are probably produced by the disintegration of 
tbe walls of parent cells, which become softened, and swell up as the new 
generations of cells are formed in their interior. 

The origin'of cellulose is not clearly determ-'ned; it seems most probable, 
however, that it is derived iVorh the starch, sugar, inuline, or similar 
materials contained in the protoplasm of the cell, as mentioned in suc¬ 
ceeding paragraphs. 

Contents of the CeU. 

6M. The solid cellulose structures forming the persistent maeu'of - 
tissues may Tie regarded as a skeleton or framework ; for 
the vi^ and chemical phenomena exhibited by plants all depend, 
in ihe first instance, ujKrn operations which have their scat in the 
injtl^oT of the cells. The careful investigation of the ccU-cohtents 
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is consequently of primary importance in the study of Tegotable 
Physiology. 

The fimdomontal importance of the matted within the cell is not only 
demonstrated by what wo are enabled to observe taking place in the 
inteiior of living ccUs, but, in certain of the lower plants, the vitalized 
contents actuallv emergtt from their confinement in the shell of cellulose 
(as the so-called amporai), and exhibit in the course of their subst^iient 
conversion into closed motionless cells exactly the same power to form 
new cell-membrane as takes place in ordinaiy cell-division. 

595. Tho.oontonin «f the cell are partly more or less' solid, partly 
fluid. When substances exist dissolved in the cblT-sap, they are fre¬ 
quently out of the reach of microscopic observation, on account of 
the minute quantities in which they exist, or from the want of 
suitable reagents to ascertaiu their presence; among these are the 
vegetable alkaloids and similar products. Tho sugar, dextrine, 
mineral salts, &c., dissolved in the watery cell-sap, do not readily 
admit of* examination in this way. The fluid colouring-matters, 
essential or fixed oils, resins, &c., on tho contrary, are readily ob¬ 
served, on account of their distinct physical and chemical characters. 
This is still more tho case witli mineral or organic salts which are 
sufficiently abundant to crystallize in the celL 

59(i. But by far the most important of the contents of cells are 
certain organized siruotures which are regularly met with in the 
cell-contents, either universally or, with certain definite exceptions, 
at particular epochs of the life of cells. -These are tho protoplam, 
with thojirimordMl utricle, the nucleus, cMorophyll-ew^cles, aud 
stareji-^mwlts. 

597. In all young grow- Fig. 496. 

ing cells wo meet with a 
tough jpnuciloginous fluid, 
colourless or with a yellow 
tinge, and frecjuently of 
more or less granular cha¬ 
racter, which increases 
with the age of the cell. 

This substance is called the 
protoplasm. 

The primordial utricle 
is the outer flhn of the 
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membrane of yoimg cells, persisting in the cells of-tissuos which are 
concerned in the reproduction of cells or the performance of the func¬ 
tions of assimilation &c., 9nt disappearing at a comparatively early* 
peiiodrin cells which acquire fibrous or pitted woody secondary layers. 

This structure is not always readily discoverable in living cells, on ac¬ 
count of its close apposition to the'cell-wall, but it may be detected by 
'the application of a weak solution of iodine, which colours it brown, and 
soon causes it to contract and separate from the cell-membrane-(fig. 400). 
The contraction is disadvantageous in some cases, if it go very far, as the 
layer becomes applied, upon the inner rell-conteilts. The structure is 
very well- seen oy placing portions of the green tissue of leaves &c. 
(which retain the piimordial utricle after acquiring tlieir full size), of 
the pulp of fruits, me leaves of Mosse^r Liverworts (iig. dSKS), or the 
filaments df Confen oids, in alcohol, or treating them with dilute nitric 
or muriatic acid. The primordial utricle then separates from the cell- 
wall without becoming much di^oloured. 

598, The primordial utricle, lining the entire wall of the cell, 
forms a kind of sac; but it is not a membrane in the same sense as 
the proper cell-wdll, since, although it presents a certain cohesion 
and resistance to the penetration of water, it is not merely flexible, 
but dwtile, «xiA capable of moulding itself into new external'forms, 
the sac, in cell-division, becoming Qonstricted into two or more por¬ 
tions without wrinkling. 'When the zoospores of the Algm osca])e 
from the parent cell,' the primordial utricle forms the external 
boundary of the structure of the zoospore, which has a definite form 
in eadh ease. 

■Were it not for this definite form of zoospores, we might compare the 
consistence of the primordial utricle to that semifigid condition of glass 
in which the glass-blo.wers mould it. This peculiar state of organized 
substance is exactly parallel to the substance of Atiueba, the soft port of 
Sponges, &c. in the Animalddngdom. 

• 599, In young cells, such as those in tho cambium-layor of stems, 
in tho growing parts of leaves, dsc., the protoplasm jieafjy fills up 
the cavity, or at all events ocenpies all the space filM by^e 
.nucleiu. By degrees, as the cell expands, vacuolar spaces mate tEcir 
’appearance in the protoplasm, filled with watcij ccU-sap; and the 
protoplasm is thus tranrformed into a kind of mth, which is often 
finally displaced so entirely by tho cell-sap that it forms merely a 
layer applied against the primordial utricle. 

In some cells, eraecially of the lower'plants, we may detect more 
tiian one of these pnietal layers of protoplasm. 

- . These changes are readily traced in very young haira, where they ore 
observed without much disturbing the naturm condition of the structure 
(fig. 407). Movements in the protoplasm, rendered evident by the move¬ 
ment of the granules fioatjmg in it, occur in many plants, probably in all, 
and at® attributed by soihe to contractility of the protoplasm, by others to 
alternate turgescence and emptying of certain portions of the protoplasm. 
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600. In tho .protoplasm of mosjt: young ocUs, and persistent 
through life in the parenchymatous stmetures of some plants, as of 
the Orehidacese, occurs the globtdar or lenticular body called the nu¬ 
cleus of the cell, or cytdblast (figs. 497, n, & 498). This apnears to be a 


Fig. 497. 



Fig. 407. Upper end of • yoniw hair of the stamen of TroineanHa, showing the oe!la in 
Tarioua stages of deTelopment; a.«, nnSU-i. Magn. 4UO diam. 

Fig. 4BB. Cell with a nucleus, bam the stem of Onku maiex/a. Uagn. 400 diam. 

mass of subst ance identical in its character "with the snbstance of the 
protoplasm, cuTd it mostly presents the appearance of a centeal cavity 
or vacuo^ containing one or more small granules called nudeoli. 

The nucleus is not usually found in Fungi or Lichens; and many Algos 
arc likewise unprovided -mth it. 

601. The nucleus probably originally occupies the centre of all 
nascent cells where it exists, the interspace between it and the 
primordial utricle being filled up by protoplasnhi When the vacuolar 
displacement of the latter by watery cell-sap takes place, the nucleus, 
if persistent, is usually carried to one side of the cell, and comes into 
contact with the inner boundary of the primordial utrido. Some¬ 
times, however, it remains suspended in the centre of the cell by. 
cords of tough protoplasm, stret^ed from a Igyer of protoplasm coa^ 
ing the nucleus to t^t wUch lies upon the primordial utiide. Site 
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cords of protoplasm radiating from tlio nucleus ase the persistent 
boundaries of the xacuolar spaces of the “ honeycombg^ ” protoplasm. 

The gradual vacuolation of the protoplasm ond the transfer of the nu¬ 
cleus to the side of the cell may be well seen in the hairs of the stamens 
of Trademmtia (fig. 497). In Spirni/i/ra and Zjiffnenta the nucleus re- 
muns always attended in the middle of the cell by the protoplasmic 
cords. The ultimately parietal nudeiis of the haire of Tradefeimlia ex¬ 
hibits radiating cords,'tn^rotophu«m hew being in process of absorption. 
In Vallimena, and in CEjhi/mnum and other Conforvoids, the nue'eus 
b^omes imbedded in the continuous paiietal Inyeriof protopln.«m which 
lies upon the primordial utricle. The nucleus Inus the property of break¬ 
ing up and, as it were, disappearing for a time, to ri'appear in the form of 
two or more new nuclei of larger size than the original nucleus. This 
process occurs in the formation of the pollen in the embryo-sac of Phane¬ 
rogamous plants &c. 


^^602. In all parts of plants which have a green Fig. 4119. 
^olour wo find the ctdl containing in its cavity stnio- 
tures quite distinct from the cell-wall and' from the 
primordial utricle, in which the green colouring- 1 

matter resides. The ordinary form of those is that 
of globular or spheroidal corpuscles, which appear in 
greater number and of darker green colour in pro- 
portion to the intensity of solar light to which the 
tissue may be exposed. In a few case s the peen 
colonrinK-mattcr is found in the form of wtinlar or 


yiral bands {Drapnmaldia, S/nrotfitra^g. 4^9), or of ^5^' 

reticulated cords (OJadophora), of mucilaginous eon- 
sistence, adhering to the inside of the primordial 
utricle. In some Conferne the green colouring-matter 
appears diffused through abortion of the protoplassm 
in the form of very minute*^»rniiuleg. In many uni- 
cellular Algec, in the gonidia of Lichens, Ac. the green, 
colouring-matter is uniformly distributed throughout 
the cell, and is not separable from the rest of the 
protoplasm. 

The chhrophyU-eorpimhit are of soft consistence; 
and their colour is extracted by ether, alcohol, and 
various acids. They eonsist of protoplasmic ^ ai«m™t 

teas substance yxM vnth colouring-matter . TKe oS Spiro^fra. with 
fomer may^exist ty itselfunnnxed [fcut the colouring- 
matter is never found separate in nature. They ap¬ 
pear usually solid end homogeneous when young j subsequently they 
often contain stareh-gTannles in the interior; and not unfrequcntly 
they bee^e vacuolated like protoplasm when exposed to the direct 
action ^|Mtcr. , 

FrM|piates that the green colour of chlorophyll is due to an 
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admixture of two substances, one yellow and the oilier blue, called 
respectively and '^}hi fUoeuamne ;• but others think 

that tho blue substance is a modification of the yellow, brought about 
by the agency of acids. Our chcmiciil knowledge of chlorophyll, how¬ 
ever, is at present incomplete. It is to be expected that spectrum- 
analysis will ultimately reveal much of what is now obscure. The 
principal appearances observed hitherto are the constant presence of 
an absorption-band in tho red portion of tho spectrum. In concen¬ 
trated solutions another band may be seen in the green. Stokes 
notes a similar band in the yellow. Ilerapath indicates the frequent 
presence of three bunds in tho red, orange, and green respectively, 
and of four b.unds in the red, orange, green, and blue portions respec¬ 
tively. These variations are probably due to different colouring-sub¬ 
stances mixed with clilorophyll. 

The chlorophyll-corpiipcles are probably formed from the protoplasm 
of the eell breaking up into distinct globular coipuscles, or distributing 
itsi'lf according to patterns, as above indicated, upon the cell-walL When 
newly fotmed, in j’oung cells, they are almost colourless, end appear in 
the vicinity of the nucleus and in the htt’crs or streaks of protoplasm; and 
WP'not iinfrequently meet with protoplasmic coipusele.s which differ from 
chlorophyU-conniscles only in the absence of the green colour. The 
developiueiit of^chlorophyll takes place thus:—^In the young cell the pro- 
tupla.«ra is colourless and' disposed in a thick layer around the inner w'all 
of the cell; in this appears first a yellow colouring-matter; and then the 
inner portion of the protoplasm splits up into polygonal portions, each of 
which becomes a gram ot chlorophyll. The outer portion of the proto¬ 
plasm forms tlie so-callcd primordial utricle. In other coses the proto- 

i ihism accumulates round the nucleus. Vacuole/ are formed in it, and 
mink np the substance of the protoplasm into granules. In this latter 
case more unculourt'd protoplasm is loft after tho formation of the chloro¬ 
phyll than in the preceding cose. 

The destruction or decay of chlorophyll shows itself first in the change 
of colour from green to yellow or oran^, or, in the case of the spores of 
Algffi, rod. This red colour is assumed at the time when the spores come 
to rest; when active vegetation again.commeuces, the green colour is re¬ 
stored. In the case of leaves at the fall, the grains of chlorophyll diminish, 
then disappear and mve place to highly refracting granules of an orange 
colour, winch are the remnants of the disorganized chlorophyll, and to 
which the colour of leaves in autumn is due. While these processes are 
going on, tho starch and the protoplasm are dissolved and stored away in 
the permanent tissues. In plants kept iq the dark O-iis noticed that the 
chlorophyll-grains slowly and gradually tecome smaller, lose their starch 
and their colour, till at length nothing but a uumher of minute amorphous 

g ranules remain. Some plants, such ns 8elagm^,jK>me Ferns, &c., resist 
lie deprivation of light much more than others; hut in the case of quickly 
growing plants, two or three days obscuiitj suffice to disorganize the chlo- 
ropj^n. 

protoplasm (with the primordial utricle), the nucleus, and the 
chlorophyll-granules are all substances containing nitrogi)^ and'^iiQady 
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allied to albumen; thej are more or lees coagulaMe by beat, alcobol, and 
aeids, and soluble in caustic potash. 

The principal tests are the following, though it must be remembered 
that their action is masked br the colouring-matters of the cell, and that 
they are not in all cases manifested in living, but only in dead cells:— 
Iodine g^ves a brown or yellowish tinge to these stnictures; ammoniacal 
aolution of carmine tinges them pink. When treated with nitric acid, and 
subsequently with ammonia, a yellow tint is formed, indicating the pre¬ 
sence of xantho-protein; when soaked in a solution of sulphate of copper 
and afterwards treated with potash, a violet colour is produced in the 
protoplasm and chlorophyll; but this has not been observed in the case of 
the nucleus. It must be remembered that the solubility of protoplasm in 
acids and alkalies depends not only on the strength of the solvent, but 
also on the condition of the substance at the time of the experiment 

603. Another still more common oi^anized structure found in the 
Icell-oontents is the ttareh-granvUe, which appears to occur through¬ 
out every class of plants exepjt the Fungi. 

Btarch-granulcs aro perKaps most frequently of globular for^i when 
young; but when they acquire any considerable size their form usn- ^ 
ally diverges from this, and presents very remarkable varieties, often ’ 
at^butable to the conditions in which they grow. Full-grown 
storch-granuleB are not homogeneous, but marked with strice indi¬ 
cating the concentric laminm of which they arc composed. These 
laminoc are alternately of denser and softer consistence, and surround 
a commonly more or less cxccntric point, u.sually of very small size 
(fig. 60ft), which often appears solid when the starch-granule is 
fresh, but forms a minute cavity, frequently running out into a few 
radiating cracks, when the starch-granules are dry. 

The granules occur either singly or collected in masses of definite 
shape, forming compound irranidos (fig. 601); very often they exist 

Fig. 600. Fig. 601. 



tig. BOO. Btaroh-gnumle at Potato. Magn. 400 diam. 

Flgi SOI. Compound Starch-granulea: o,adonble gnsnle from the Potato; S, gronped 
jraiuilM and two fragmenta, from the raiaome of Arum maeufatttm. Uagn. 

in the interior of chlorophyll-eorpoBeleB or bande, or imbedded in 
the protoplaam lining the c^-wall. In oertain tisBueB they fill the 
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cavity of the fall-grown cell, and in some cases so densely that they 
become moulded into polygonal forms by mutual pressure. 

Starch-granules arc commonly unaffected by cold water; but when 
.crushed, the inner layers will sometimes absorb it and swell up. 
Boiling water causes them to swell up into a jelly, losing all trace 
of their laminated structure—as do also diluted sulphuric acid and 
solution of potash. 

Iodine colours starch-granules violet, indigo-blue, or deep black¬ 
ish blue, in proportion to the degree of concentration in which it is 
employed. By means of dilute sulphuric acid, starch may be con¬ 
verted into dextrine and ^ucosc. Modem researches have shown 
that staiuh consists of two substonocs intiinatclv combined, ope of 
whichT ymwulosf. is more soluble in saliva than the other , eellidose ; 
and the action of iodine is also different in the two cases. ’ 

Great discussion has taken place at different times of late years both ns to 
the Htriictun! and the mode of development of starch-granules. There is no 
quest ion that they are formed of a number of concentric lominse, which in¬ 
crease in density from within outvrards. Their substance is hardly distin¬ 
guishable from that condition of cellulose where the cell-membrane swells 
into a gelatinous substance with dilute sulphiuric add, or even sometinies 
with water, and takes a more or less decided blue colour with iodine alone. 
With regard to their mode of development, they appear to be forqied 
by the deposition of successive layers of starch-substance, by protoplasm, 
in the interior of vacuolar cavities formed on the.proto^asmic matter of 
the cell, either while this exists as a colourless mucilaginous matter, or 
affair it has become more highly organized into chloropbyll-corpiisdes. 
Starch-granules, in fact, appear to he formed by secretion on the inside of 
a utricle of protoplasm, exactly in the same wav as the cellulose wall of 
the cell is secreted on the outside of the primordial utricle. 

Fig. 609. fig. fi03. 



Fig.fi03. Pwrt of a ceU of the stem of thA White m n^eot, mirrotmded hj protoplacm 

in which etaFch-granulcn M are being developed. Magn. W dimp. 

Fig. 603. Starch of 3f section of a yoimg cell of the seed, imh naacent aturch-grannlea 

imbedded in nrotoplaam; 6, section of a AiU-grown cell with the atarch-gmimlea 
in contact and bt^oome angnlar hy mutual prosdure* Hagn. 200 diam.' 

This mode of development is well illustrated in the formation of 
starch-granules in the cords of protoplasm which have ceased to circu¬ 
late, in many herbaceous Monocotyledonojus stems, as that of the White 
Lily (tig. 6(^), &c.,—by the appe^nce of singlb or several starch-granuler 
in old (MoiophyU-corpuBcle^ or in the substance of the bands of ^ro- 
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gyra (fig. 499), &c. Still more gtrikinglj is it shown in Ijio development 
of the starch-granules which ultimately densely fill the outer cells of the 
endospenu of Maize, where they are at first free froi^reach other, im¬ 
bedded in a collection of protoplasm filling the cell (fig. GOS, a], and, as 
they expand, come into contact and almost displace ail the protoplasm, 
which remains only as a reticulation ef slender threads (fig. o03, 6). A 
similar reticulation of protoplasm-threads remains on tlie walls of the 
cells of the Potato -tuber after its starcli-graniilus are formed. 

The origin of the compound granules, in pairs, fours, or very many 
compacted together into a mas-s, iiioiilded togethfsr by mutual pressure on 
their contiguous surfaces, is readily explicable, since w<! often find severid 
isolated nnseent granules in one chlorophyll- or protoplasin-corpuside: os 
the granules increase in size they come "into contact, but remain bound 
together by the mass of protoplasm in which they lie. Such granules 
(found in the eorms of (.’/•ocbs and Artm (fig. 501, h), in the Oat, and more 
or less abundantly in many other Monosotyledonous plants) are mostly 
simply coherent, so that they may be separated by slimit pressure. Hut 
it is not uncommon to find twin gmuules enclosed oy external layers 
common to both (fig. 501, «). 

604. Starch is a temporary structure of tho cell-contents ; it is 
accumulated during active vegetanon, an^ Is abundantly deposited in 
the tissues of many organs wiiich remain at rest during certain 
seasons. In tho rccoramciiccraent of growth' it is dissolved, in con- 
sc((hence of the formation of diastase (which converts the insoluble 
starch into soluble dextrine), and the assimilated substanee is applied 
to the formation of pcrmiinont structure. 

Starch-grains are almost universallv nresentin chlorophyll, from which, 
indeed, they are tormeS ! This opinion difiere from that of Molil, but is 
supported by tne discoveries of Sachs and Gris, the former of whom 
shows conclusively that the starch is developed from the chlorophyll under 
the influence of light: if light be excluded, no starch is fonnedi what is 
already formed disappears, and is^jii^in formed when the chlorophyll is 
once more subjected to the influemwjifi^ght. 'Without chlorophyll no 
starch is formed; it may., however, bOtored up in«e^ containing no 
chlorophyll, but is brought there from the cells ib which'ft is formed. 

Starch'-grains are disintegrated or dissolved when growth is about to take 
place, in two ways—either locally (when the grains present a wonn-eaten 
appearance), or uniformly orer the whole surface. 


605. In certain plants starch-granules are absent in those situ¬ 
ations where they are generally abundant, being replaced by a sub¬ 
stance of analogous composition, called inuline. This has been 
ibond especially in the roots and tubers of the Compositsa. It is 


not dear whether it occurs dissolved in the cell-sap or in granules 
mixed {lyith the protoplasm. As it has no-special reactions giving 
distii^l^our, like starch, it cannot be detected except by chemical 

, 6^’ ^leMvne exists jn the form of roundish colourlera granules 
pittM on the surface or even presenting &oeta like those of crysti^. 
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Tho granules arc fortlic most part about equal in size; but hero and 
there occurs oncnmoh larger than the rest and which is remarkable 
for tho rapidity |^th which it dissolves in water; hence it escapes 
observation under the microscope when the tissues ore examined, as 
they usually are, in water. Aleuronc is insoluble in oil, alcohol, and 
ether; hence it is found in practice better to immerse the prepara¬ 
tion in a drop of oil, in oidcr to see the alcurone. Aleuronc is 
coloured brown by iodine; and the inner portions of tho grain assume 
a brick-red ctdour after soaking for some minutes in a solution of 
nitrate of mercury t hence it is considered to be albuminoid in cha¬ 
racter ; but the nature, mode of fomiutioii, and chemical history of 
this substance all stand in need of fiirtlier investigation. 

(107. The fixed oils, which occur abundantly in many seeds and 
fruits, arc easily distinguished in the cell-contents on account of 
their forinihg isolated globules, merely suspended in the watery cell- 
sap, which strongly refract light, and can be made to run together 
into large globules by pressure and by the application of other. 

The oil-globules occur mostly in organs prepared for a seasou of rest, 
ns in the endosperm (Cocoa-nut) or cotyledons (Almond) of seeds, or in 
the pericarp (Olive) of the higher plants—also sometimes in tubers, ns in 
those of Cypfnu egnileiitm. Among the lower plants oil is especially 
abundant in the resting-sporcs of tho Algm, taking the place of the starch- 
granules existing during active vegetation. 

G08. Sugar, dextrine, gum, and similar substances dissolved in 
the watery cell-sap are not capable of detection by the microscope, 
siucQ.thc quantities in which they exist arc too small to alter suf¬ 
ficiently the refractive i>ower of tho liquids; and we have no colour- 
test for them. 

The gumnty mattern of plants (which swell up in cold water and form 
a slimy mass) are in many cases parts 'if the cellulose tissues themselves, 
as is the case in tho seed-coat of Lin.*ied, the Quince, &c. and the 
of Trogocanth, which latter consists of the collenchyraatous tissue into 
which the pith and medullary rays of the stem are gradually converted. 
They re.sult from tho ahimdont deposition of secondary layers in that 
state of the “ cellulose ” compound which is intermediate between cell- 
menihrane and dextrine, just as the “ amyloid ” of the secondary layers of 
the cells of some Lichens is an intermediate condition between cellulose 
and starch. Ba»mme and arabine. are formed in a similar maimer, from 
the disorgnnizatiou of the cellulose matters; hence these materials arc to 
be looked on as ezerementitious. 

609. Tho bright cofowr-s of the parts of flowers are produced by 
substances usually dissolved in the watery cell-sap; sometimes, how¬ 
ever, solid corpuscles or utricular structures are found swimming in 
coloured cell-sap. 

In young tissues of flowers the colouring-matter may he observed to hi 
formed gr^ually in the vacuoles of the protopk^, and, os the cells ex- 
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land, increasing in quantity until the separate portions coalesce and fill 
be whole cayity of the ceE This is well seen in the coloured hairs of 
he stamens of Tradetcantia. . '4k . 

The colouring-matters of flowers admit of being growled in two series, 
he cyanic senes end the xanthic series, with green as an intermediate 
lolour: tliuB, starting with greenish DUie, the cyanic series passes through 
due, blue-yiolet, violet, yiolet-red to red; the xanthic series, on the other 
umd, passes from green to greenish yellow, yellow, orange-yeUow, orange, 
irange-redtored. The cyanic colo^ are usually in solutio n; t;he xanthic 
lolours are usually ^id. It v^’ rarely happens that the colours of thetwo 
lenes are met Wtu in the same flower; hence, though .Dahlias and Roses of 
dmost all hues are how to be seen, a true blue tint has never been seen 
n either; and there are numerous illustrations of this fiuit in gardens. The 
rarious tints of colour are produced either by the interposition of colour¬ 
less cells between those containing coloured juices or by the supc^sition 
rf cells with diflerent colouring-matter one over the other. Thus an 
jrange tint would arise from the superposition of yellow cells over red, 
ind so forth. White is produced either by a. very dilute coloured solution 
]r by the presence of air in comparatively large quantities in the ti8sue.s. 
The velvety appearance of the petals of many flowers is due to the feet 
bhat the epidcraial cells are raised in the form of small conical elevations 
like the pile of velvet, and the play of light thereon gives rise to the 
ippearonce above mentioned. 


Fig! 60*. 



610. Essential oils aro readily distinguishable when they exist in 
quantity suspended in the cell-sap, or entirely filling the cell; some¬ 
times, however, they exist in such small proportions as to be un- 
listinguishablc, as is the ca.se in many scented petals. 

The essential oils are developed, like the fluid colouring-matters, in 
vacuoles of thq protoplasm, resolved in time 
into one large cell-cavity bounded by the 
layer of theprotoplasmlinmgthepriiuoi'dial 
utride. The oily matters,caoatchouc,resins, 

&C. are usually found in compound cellnlar 
organs, ghruh, ducts, &c., to he mentioned 
presently, under the head of Tissues, 

; 611. The watery fluids traversing the 
tissues of growing plants, in conscqncnoo 
of the evaporation from the leaves and 
the continual absorption by the' roots, 
necessarily contain various inoi^nic 
salts dissolved in them. Moreover cer¬ 
tain organic acids, such as oxalic, malic, 
tartaric, Ibe., are always formed in the 
proceej^ of vegetable digestion. All 
bstanceg and their compoon3s 
most nart. flWivod in 

pSt JIT m« tfcie hJgti« 

) find, in certain cdls of the parehohynmtouB tiBsnes, crystals 


a 


Jidenlar orjitaU (nphidei) in * cell 
of ^lifaniket tuberokot maenifli'd 
400 dum.: a, a lingie 0171101 more 
mftgnifled. 
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of definite composition, either scattered or collected into groups of> 
definite form. These crystals are called raphides (fig. 504). 

It is not clear ■((Aether the raphides are to be regarded as a secretion 
or as an excretion—that is, as substances useless or noxious to the plant, 
Iwld by in an insoluble form. The latter seems more probable. The 
I’olvgonacese (for example, the Garden Khubarb) form abundance of 
oxalic and other oigonic acids, and they always contain a quantity of 
bundles of raphides composed chiefly of oxalate of lime; in old stems of 
'6actnceas,the substance of the parenchyma is rendered quite gritty to the 
touch by crystals of oxalate and phosphate of lime; the Musacess contain 
crystals of sulphate bf lime, &c. 

612. Crystals usually occur free in the cavity of the cell; but in 
some idants, especially in the Urticacoao, we find them accumulated 
on a clurntc procc-ss, formed of ccUulose, developed from the side- 
wall of the cell; these are called cmtolithes. 

These curious structures are well seen in the subepideitoial cells of the 
leaf of Fifux elastica and other iqiecies—also in Parietaria, the Mulberry, &c^ 

Other'imporfant substances, such as the ye getable ahkaloids 8nd_ the 
great number of organic acids usually associated with them, exist either 
dissolved in the cell-sap, intermixed'with the protoplasm, or diffusedjn 
the solid cell-structures as impregnating or inemsting substances. With 
remrd to these, microscopic investigation has not hitherto afforded any 
imbrmation. 


Sect. 3. CouBiNAnoKS or Cslls. 

37(0 Ttuswes. 

613. The simplest mode of combination of cells is that which is 
met with in a large number of the Algae of low organization, where 
the cells are associated for a time in what are called coZont’ss. the 
members of which are more or leas comidetoly independent o^ each 
other in physiological respects, but morphologically represent parts 
of a determinate whole; while ultimately they separate, each to lay 
the foundation of a new colony. 

Examples of this may be seen in the grouped Desmidieee, like Pedim- 
trmn (fig. 462 , B, a), the'ihVntowc® &c., and in the PalmeUm ; to tois bead 
is also referable the structure of some of the filamentous Confervoids, 
Volvocinem (fig. 462 , d), and IlydrodMym. 

These groups of cells are either held together by rimple attachment at 
certain points of their sur&ces, as in the DemiVfieie, JSudrodielym, 
JDiatoma (fig. 462 , B, c), &c., or by their being enclosed in a gelatinous 
(mmmon envelope (resulting from the expansion or the decay of parent- 
cell membranes), as in the Vohoeinea, PeumeUea, and Noriochmeee. 

614. Timies properly so called consist of coUeotions of cells of 
nnifom character jiermanentlT combined toemer bv more or leys 
deplete union of radr outer surfaces. 
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615. The tissues are distinguished into kinds according to the 
jform of the cells, the character of the cell-membrane, and the 
manner in which the cells are connected together. 

• Where the colls are roundish or elliptical, the tissue is called 
parenthjma ; and this is called imperfect or perfect accordingly as the 
constituent colls have interspaces between them or are closely packed 
30 as to leave no intercellidar spaces. Where the cells are much 
elongated, the tissue.iB called prosenehjma, and the constituent cells 
are known as dbres. Cartilaginous tissue is known as collemhima ; 
and two other kinds arc characteri/ed by peculiar 4110603 of combina¬ 
tion of the cells, viz. felted tissue {tela conte.rta) and vascular tissue. 

The milk-vessels {rinernhyma) appear to be formed out of intercellular 
passages, and not by fusion of cells, like the spiroid ve&sels: hence they 
do not constitute a true cellular tissue; otherwise they would come under 
the head of vascular tissues. 

^ 616! Imperf^ parenchyma (merencJiyma) is composed of cells 
with more or less rounded surfaces connected into a lax tissue, 
necessarily presenting abundant intercellular passages aud sjiaces. 
The cells are tolerably uniform globular or oval («), or lobed, and 
connected at few points, leaving wide intercellular passages between 
them (f>); in other cases the cells arc more or less stellate, and 
leave large spaces between them (c). 

The form a is common in nil young organs of the higher pbints, espe¬ 
cially in the rind and the pith (6g. 470), in the pulp of fruits, Sic .; h 
is very characteristic of the lower stratum of the intenial substance of 
leaves ftig. 473); e occurs in the stems and leaf-stalks of aquatic pbints, 
in the pith of Kushes (fig. 474), &c. 

617« Perfect parenchyma is composed of cells bounded and united 
..together by plane surfaces; where the cells are regular polyhndra, 
of about equal size, the tissue is (a) reyiilar parenchyma ; if the size 
is unequal and the forms unlike, the tissue becomes (h) irreyular 
parenchyma. Certain modifications of regular parenchyma have 
received distinct names, viz.;—(c) prismatic parenchyma, where the 
cells are O-sidod prisms with pyramidal ends; (d) mvriform parent 
ehyma, where the cells are square or oblong, with the long diameter 
horizontal, and packed like bricks in a wall; and (e) tahaJar paren¬ 
chyma, where the cells arc flattened from above downwards. 

The form a is abundant throughout all classes of plants, and is well 
seen in fully developed pith of XHcotvledons (fig. 476); h is even more 
common m the soft parts of plants (fig. 477); e is met with in the her¬ 
baceous stems of Mbnocotyledons, and in the upper part of the diachyma 
of fecyea, also in a woody condition in the testa of various seeds; d is 
chant^teristic of cortical structures, and may be seen in cork, periderm 
of Bheh, the rind of the rhizome of Tamvc &c., also in the medullary 
nys of Bicotyledoiig; e deems spedally in the emdermal cells. 
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Mcrenchyma and parenchyma in their various modifications run into 
one another by countless intermediate conditions. 

618. ProMnchyma .is composed of cells elongated greatly in one 
direction, and attenuated to a more or less acute point at each cud, 
forming what is called a fibre. These fibres are necessarily united 
for the most part by their lateral sui'fuces, and their ends are insi¬ 
nuated into the spaces between those lying above and below them. 

We distinguish in prosenchyma two modifications—(a) woody fibre, 
composed of spiudlo-shapcd cells of moderate length, and (b) liber, 
composed of very- long slender cells which are occasionally slightly 
braiiched. 

Woody fibre is the main constituent of the trnnks of Dicotyledons; its 
cells are mostly of Kcliuigular section, and the walls become. gn>atly 
thickened with age. Lilier, the fibrous substance of the biuk of Dico¬ 
tyledons, a principal con-atiluont in the tibro-vnscular bundles of Monoco- 
lylcdons (tig. 471), and of the fibrous husks of fruits, &c., is composed of 
vejy long cells, whose membranes arc of a peculiar toughness, even when 
greatly thickened; their section is commonly roundish (tig. 470) or hexa¬ 
gonal.' The peculiar tenacity of the vegetable lihre-s, Fwx, Hemp, &c., 
arisis from the forms and inode of union of the liber-cells of which they 
consist; the “ grain ” of wood is likewise detenuined by the direction of 
the lung axis of the prosenchymatous cells of which it is composed. 

Cmif/iicliut) celh arc long cylindrical cells, placed one over the othty, 
and not tapering at the ends, and are supposed to be channels for the 
passage of the nutrient fluid. 

611). OuUenchynia'is cellular tissue which has acquired a carti- 
higinmis or horny texture h^' its cells becoming greatly thickened by 
sneondary layers of a substance softening or swelling up in water, or 
on the addition of weak sulphuric acid. 

The lamination of the cell-walla is often invisiUe until after macera¬ 
tion ; so that the tissue looks like a mass of homogeneous substance, exca¬ 
vated into cavities, or like a collection of cells with abundant intercollu]^ 


Fig. 60C. Fig. 606. 



Fig. 605. Tranavenm aeotioti of cnUenchTiiia-cells of U\e item of tu ihiokencd oell-woU. 
Magn. 45 o Uiam. 

Fig.506. Section oftht*jum*tionoffouFoellN(a)^6g.505, treated with hydrochlorioaoid: 

lamina bounding the rairity of the oells; bi bwoI^ aetmndaiy iayeni; e, primaxy 
membrane. Kagm 400 di^ , 
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subBtiince. A solution of chromic acid also serres to show the laminated 
structure; but if used too stronu, it dissolves the inten^ukr substance. 
This tissue occu rs in the rind of many herhaceous plants, as Chenopodi* 
*■ a^ (figs. ^3 tie hOd), Cucur- 
bita, i^yrMhea (fig. 485), and Kg. 607. 

in the pith and medullary nm 
of the species of AdragtUut 
(forming “tragacanth ”); and 
to the same head may be re¬ 
ferred the substance of fleshy 
endosperms (fig. 607), and also 
the cakila^noQS thallus of the 
larger Al^. 

620. TeJaeontexta is eom- 
'';^ed of elongated cylindri- 
' cal cells united end to end 
into filaments, and either 
simple or branched laterally, 
interwoven irregularly iuto 
a kind of felted mass. 


Beotion of the celli of the Med of Stmkom Japomea : 
Of thiebened cell-mills; cavity of the eells 
(bounded by' a double line). Magn. 40U dmm. 

some Algffi. The mycelium of 

the Fnngi is likewise composed of felted cellular filaments forming a freo 
cottony mass (fig. 408, B & i>). 


This tissue occurs in the 
thdlus ot' fiicnens, fonuing 
the internal or medullary sub- 
stuice, also in the thallus of 



^ 621. FoscwhirtissMs is formed by the fimion of perpendicular rows 
of cells; by the absorption of their contiguous walls they become con¬ 
verted into continnous tubes of more or less considerable length. 

When the constituent colls have spiral-fibrous secondary dejKwits, 
they are usually of piosenchymatous form, and they overlap each 
other so that the lines of union are oblique; sometimes these spiroid 
tubes are distii^uished as vess^ from those formed of the usually 
shorter, mostly wider, and more or less fiat-ended cells which have 
pitted walls, and which are called dotted or piUed ducts . 

Another kind of vessels charactorizod hy thin walls, often with 
the latticed marking (§ 585), are .distinguished as vasa worma . 

The dotted'ducts are connected with the spiroids through the scalari- 
fbrm vessels, but in their extreme forms are v4iy unlike, and are found in 
very different utuatians. 

622. The vess^ like the cells (§ 586), may be spiral, annular, 
retimdatei, or semriform. The oc^itnent cells may be long or 
short; ihe latter case the vessels are somerimes called moniliform. 
The spinPi-fibrous structure often remabs when the primary mem¬ 
brane is ahsoih^ at (the sui&oe of junction, so tlmt the consti- 
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tuont colls of a vessel are merely separated by a kind of “grating” 
of bars. 

Fig. 508. 


A 



Fig. fi(^. A, B| C Spiral TesaelB from !Samhucu§ Ebului. Hagn, 400 diam. 


Rg. 609. 



Fig. 611. 


Fig. 610. 



Fig. iH}9. Fragment of a yewcl firom the item of a Oonr^. * Magn. 400 diam. 

F^. 510. Fra^ent of a ^){ral veaicl of ImpaNen* parpUhra. Magn. 400 ^am. 

Fig. 611. Frogmont of the wall of a retioulated vewel m ^ubach. Magn. 400 diam. 
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Spiral veatels (fipj. 508) nre found in the youngest and most delicate 
ports of the plants in which they occur. They are the parts of the woody 
' stnicture first developud in stems; they are extensively developed in the 
ribs of leaf-stalks and leaves, and almost exclusively constitute those of 
the organa of finwers, ns may be seen iu petals. In stems a^d leaf-stalks, 
especially of fast-growing organs, the comslitueut cells ar$ often veiy 
long and the course of the vessels straight; in roots, and in Sbncentrati-d 
rhizomes and corms, &c., the ixmarituent ceils arc mostly short and the 
course of vessels tortuous. The spiral fibre in the inti^rior of tliuHuiKssels 
has been considered to be hollow or tubular; but this is ndfg^crally 
regarded iis correct. . 

Annular vevehi (fig. 509) are found in situations similar to the last, 
beiug gimerally formed a little ktur in the same bundles. They arc com- 
inouly of greater diameter than true spirals. This is the commonest form 
of vea-el in the Equisetaceic. 

JCetiaulated renaels (fig. 511) are abundantly devtdoped with the spiral 
and aimidar hind* in succulent stems, roots, petioles, &c. Tliey nre very 
important constituents in the flbro-vascular bundles of MonoeotWedon's 
generally. They are mostly of rather Urge diameter; their cells long in 
stem-structures, short and irregularly formed in roots and iu ihe inner 
cortical region of Monocotyledonous stems, where a uumbur of vesstds ore 
often anastomosed into a l<ind of network. 

S'xdariform Kernels (fig. 491) are especially characteristic of the woody 
structures of the I'erns and Lycopodiaceae, in which they sometimes occipr 
of very laroe diameter. 

Most vessels are cylindrical, and present n more or less circular section; ■ 
hut the scalariforui are prismatic, usually with an hexagonal section. 

Vessd8j_2dienjmce_^med,a«yjsuailvpOT[istent; but in some watc’r- 

S louts tue stem when young is traversed by a single spiral vessel, which 
isappeors as the stem- grows older, so that in the adult condition the 
stem seems wholly cellular with a central lacuna. 

623. 'The pitted or dotud ducts (fig. 486) are chaxocterisiic of the 
(wood of Dicotyledons, whore they occur cither scattered iu the pros- 
enchyma, or forming the principal constituent of the wood. 

The walk of pitted Iduots arc not always uniform, this depending 
in some cases upon the nature of tlie organs with which they are iu 
contact, whether celk or other ducts, since 'the pits always corre¬ 
spond on the walls of adjacent organs, and they are ordinarily less 
numerous and less regular on the wdls of prosenchymatous cells 
than on those* of dnets, 

Tho pits and their borders (§ 684) are very gifnbrally som'j^hat 
elongated obliquely; and tho canal of the pit is often enlarged into a 
transverse slit in the inner part, which in some cases becomes con¬ 
fluent with that of its neighbours. In some plants wo find ducts with 
the wall marked hath with pits and a spiral fibre, like tho waits of 
the wood-oelk of Taatus (fig. 402): 

Pitt^ ducts with uniform walls make im the chief mass of the wood 
of In the wood of Elder, Beech, Hazel, Alder^ &c. we flind ducts 

with pita numerous on the walk a^joinkig other ducts, hut dktont or 
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absent on the walls a^oining wood'Cells.- In Boinhax the wood-cells ore 
for the must part, replaced by parencbyma-cells, and the walls of ducts 
adjoining these have the pits destitute of the border &c. 

Pitted ducts furdt the lai^e tubes, Tisible to the naked eve, scon in cross 
sections of most woods, especioliy Oak, Al^ogany, &c. I'hcy are absent 
from the wood of the Conifero), which is wholly compo*-il of simple 
wood-cells (fig. 487). , 

024. Vam, propria are elongated colls with thin walls, and cither 
obli(]ue or Hat ends where they adhere together; they vary in Jia- 
muter, like the sjnroids, and present on their walls largo pits or 
spaccis, covered wth .a kind of fine network of fibres, as in the 
clatlmite cells described in a former section (§ 585). 

Colls of this character (which differ firom the conducting-cells before 
at hilled to, in that the hitter are destitute of luarkiiigs nr pits) always occur 
iu the middle of the iibro-vascular bundles of Monocotyledons; and they are 
iutcrmixi'd, mostly in alternate layers, with the liber in the fibrous layer 
of the bark of Dicotyledons. They are strikingly distinguished from s/n- 
rouU by containing thick and opaku sap, while tlio latter usually contain 
only air when fully developed. 

Ciispary includes under the head of conducting-cells not only those 
cylindrical tubes before tdluded to, hut,also eloug^^ cells having tne form 
iiiid appenranco! of vessels, except that they do nft form continuous tubes, 

k t ai-u separated one from the other by partitions formed by the adjacent 
ds of tlio cells. The lalkifcroun ducts ore mentioned elsewhere. 

The Systems. 

025. The iSystems are combinations of tissnes, of like or different form 
and character, into eJemcntair structures ibrnied on definite plans, 
and destin ed lorp articular pnnfosca in tho economy of the plant. 

020. In the simpler plants there generally oxuta no distinction of 
systems; but oven in tho higher Algm and lichens there is a differ¬ 
ence in the cortical and meduDary portions of the thallus. In plants 
possessing stems and leaves, the fibro-vascnlaf or wood-system makes 
its appearance; and wo may distinguish in the Fhanurogamia three 
primary systems, viz. the Cdhdar, the Fibro-vascular, and Gortical 
Systems. These are all formed of proper constituent cells or tissues. 

627. Besides these, we have systems which are formed for tho most 
part by the interspaces' between the colls of the above tissues, viz. 
the .Aerial System, consisting of intereellolar passages, spaces, or 
even large cavities; and the Secretory System, including the udlk- 
vessels, reservoirs for semretion, glands, dw. 


A. The CeUidar System. 

628. This name is applied to the oellnlar tissues forming tho great 
mass of the living structure of plants. • Zu thb Thallophytes it forms 
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the whole organization, the superficial layer, of the larger kinds of 
thallus not being a true cortii^ layer like that of the higher plants. 
'In the Mosses and Hcpatico) little is added to the cellular .system, 
the Jilro-vjxseular system ajipoaring in a very simple form in the 
stems, and the cortiad in the shape of an epidermis to the seta. In 
the higher Crypti^amia aijd the Phancrogamia the celliilar system is 
less predominant, except in the temporary organs. In the stems 
and roots it forms the pith and medullary rays of Dicotyledons, and 
the diifiised medullary system of Monocotyledons, together with tlic 
cambial structures in'all growing regions; and it forms the mass of 
the leaves and the parts of the flower. It is in this system tliat the 
vital processes of vegetation are ehieflv earned on. 


B. The Fibro-vaeadar System. 

629. This system' forms all the woody structures of plants, which 
in all cases are composed of a quantity of conjoined portions of eellular 
and vascular tissue arranged in a peculiar manner. The‘kind of 
cellular tissue associated with the vessels being mostly prosenchyma 

K>r fibrous tissue, the dbnstituent elements of wood are called fibro- 
vaseuJar bundles. _ 

, AH woody substance appears originally in the condition of isolate" 
fibro-vascular bundles, which, when they remain separate, form wliat 
are commonly called “ fibres,” and when they combine together into 
a solid mass, fortn “ wood.” The bundles remain as “ fibres ” in 1 ho 
stems of Monocotyledon^;' they are in tho same stetc in the earliest 
conditions of the stems of^licolyledons; and such “ fibres ” form the- 
ribs of leaves and other organs. 

630. The fibro-vascular bundles differ in their modes of growth in 
different Classes of Plants, which, in consequence of this, exlvibit 
considerable difference in the structure of their mature stems. 

^ The simplest form is absolutely without tho vessels, as we find it in 
^0 Mosses and some of the simple a(iuatic Phancrogamia (Potamo- 
geton) composed simply of cords of prosenchyma traversing the cel¬ 
lular tisfee.. 

^ 631. Complete bnn^e§, hWever, possess several elements ar- 
^ranged in definite order; these belong to the wood-region, the 
cambium-region, and the liber-region. The twoef-redon. which 
lies next the centre of the stem, is composed of short-celled pros- 
enchyma intermingled with spiral and other vessels (and in 
Dicotyledons pitted ducts); the ogaSjffidBBSll “ composed of 
prosenchyma in a nascent condiffon, the cells t}un-walled, and 
retaiaiag their primordial utricles; the ZiSsr-region is composed 
of-vmy long prosenchymatoua tissue (nsoally in the condition of 
isolated bundles or thm lamines connected by ceUular tissue in the 
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Dicotyledons). In the Monocotyledons tlie middle of the oambium- 

rej^ion is converted into I'cido 

propria (fig. 512). h'ig. 512. 


<132, In the Higher Crvn- 
tegnmia' tlie bundlea do not 
alter in their condition when 
once fomed, and they ana- 
stoinosc ■with those that suo- 
I'ced tkem in successive inter- 
nodes of tho stem, so that 
the fibro-vascular structure 
appears eontiumur. Intt^j 
Monocotvlodons the bunmos 
are formed by degKJes, a cam¬ 
bium-region occupying the 
centi-al jiart at first; but after 
a time this is -wliolly resolved 
into ■wood, liber, and vasa 
propria. Those bundles re¬ 
main isolated in tlio stem, 
never alter in condition after 
the first season of growtli, 
and turn outwards to termi¬ 
nate at the surface of tho stem 
above and bclow', anastomo¬ 



sing with their successors. 

In tho Dieotvlcdons tho 
bundles in a young shout somo- 
what resemble those of Mono¬ 
cotyledons, but they stand in a 
regular ring round tho pith. On the inside they present spiral and 
annular vessels; nest, a mass of prosenohymawith dotted ducts, which 
passes gradually into the cambium-layer; the latter is bounded exter¬ 
nally by liber, among the bundl^ of which are vana propria.. These 
bundles are indefinite in their growth. The lower cxtremfces elon- 


Monriooty l<*Jcmoafi 0bro*vast>»lar buudJe (fcom the 
siMidix of Pknmix dacf-j/ltfero,}, A. Trantv<trie 
RHifioiL R. Vf'rtieol ««parcnehyniaih 

viFhich the IrandleB Re; te, wooa» 06 lle; n o, spiral 
vetwtds; dt n^tieuiated ducts; op, vasa propria ; 
I, libciyoellB. Magn. 100 diam. 


gate indefinitely in the root; the upper extremities anastomose and 
become continuous with their successors; and, above all, the cam¬ 


bium-region is an indefinite focus of devdopment, foming a new 
layer of woody substance inside, and a new layer of liber outside 
during every season of growth. 


The ^uliaritios of the fibro-vascular bundles ■will be better under¬ 
stood when we treat of the struetuie of Stenu. 

The difierent mode of growth of fibro-vascular bundles has given rise to 
a particular nomenclature for them. The buj^es of Cryptogamia, de¬ 
veloped in dl parts at once, are called siimibaneom hmdta i those of 
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Phanerogamia, exhibiting when Tonng a oamhium-iegion, are froaremre 
fapxgea, which, ceasing to dovniope at the end of the first weasori In Moni^ 
cotyledons, are but when growing season after season, as in Di¬ 

cotyledons, are 


C. The Cortical System. 

633. In young stems and in herlmecbus orpns generally this 
system is termed the epukrmal system ; as stems grow older, this 
gives place to the bark or rhul. 

e^The simplest form in which the epidermal system cw exist is that 
lOf a simple layer of tiat cells firmly united by their sides, forming a 
^hntinnous coat over the surface of a jilant. The constituent cells 
of the epidermis are entirely devoid of eldorophyll or granular matter. 
Such an epidermis clothes all the organs of jdants above the (Jlass of 
Mosses; and it presents this simple general character on all young 
stnictnres, with one spccuil distinction only, that on submerged 
organs and on roots it is absolutely continaou^^and impervious; while 
on parts exposed to tho air it presents more or less numerous orifices 
guarded by a peculiar cellular structure called a stoma (fig. 513, a). 

„ 634. The stomata are orifices betwetm tho meeting angles of the 
epidermal cells (fig. 514, B), in which orifices lie, rather to tho under¬ 
side, a pair of ecUs of semilunar form (fig. 514, A, C), separate on tlicir 
adjacent sides, so that in expansion and contraction tliey close and 
open a slit-like passage beneath the superficial orifice. This slit 
(fig. 514, A, *) loads to an open intercellular space witliin the sub¬ 
stance of tho leaf. 


In Nerium the stomata are on the walla of pits or depressions on tho 
undur face of the leaf. Sometimes the stoma is formed of four cells, and 
then either in two pairs, as in ASrt/s rlastiea, m the four cells form the 
quadrants of a circle, as in various I’roteacero. 

Stomata are most abundant usually on tho lower surface of leaves, often 
wanting on the upper surface—except on the fioating loaves of aquatic 
plants, where they exist on the upper surface, and are absent where the 
leaf touches the water. The y are occasionallv foufid in the interior of 
Mgans, as on the bruia(i^ They vary in fegumew. partly 

Mtmng proportion to the size of the cells of toe epidermis, partly irrela- 
twe to tnis. Sometimes 100 will be found in a square Une, sometimes ns 
many as 1000 to 3000. On the leaf of llrassica Mupa a square h’nc bears 
1800 on the upper face, 36(X) on the lower; Victoria regia 1600 on a 
square line above, and none below. A few otoer examples may be cited. 


Obeny-Laurel .. 
Lanrostinus .... 

Daphne Meteremn 
Carnation ...... 

Garden Blag .... 

Gardet; Itbnbarb 




. %, 


On the lower fa«. 

. None. €25 to a square line. 
. do. . 025 „ „ 

. do. 30 „ „ 

. 260 260 „ „ 

. 80 80 „ „ 

,7 30 „ 

. None. 1000 „ l „ 
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Rom the resenrchos of Duchartre, Morren, and others, the following 
conclusions may be drawn, subject, however, to many cxcoplioiui, Sto¬ 
mata are more' abundant in woody tlian in herbaceous plants, iu leathery 
rather than in leaves of thinner texture. Succulent leaves coutaip the 
siunllest numbers of stomata. Whero leaves are alike in texture and 
colour on both surfaces, tlie number of stomata is about eriual on both 
Hid(!S; when one side is glossy and the other dull, the stomata are most 
abundant on the latter &c. 


Fig. 614. ^ 


Fig. .IIS. 





Mil! 


Ula" 


ym J- J^AJ . i 

M p 


h r 








Fiff. 51!). Bjtidmuifi the lower sorfiioc of the leaf of SeUtUmtitJiatiiiH *: a, >toiua. Ifagn. 

2i0udiam. 

Fig. 514. Stomata of the Itihf of Nareuf»utt pHudo~Jfarci»9it$. A. VAitiod st^otion of the epi 
dermal and Nabjaeent oellm pniming Ihmiigh a stunio, •: e, cutieulai pellide ex 
U'ltfling down into the ntcmiutal oavi^. B&C. Horizontal section*^, the epi 
dermis, naatdnc ihroneh the plane of in A: B, eeen from abore; 0, s^n from 
below; d, mtuuler epidermal cells eorn'Roondifig in (Kwition to Stomata, but 
rcmain^I^t in their original condition. Jttngu. diiinu 

03.5. The colls of the epidermis exhibit a great variety of forms in 
the leaves and petals of Phaneiro^amia. It is very common for the 
side-walls, by which they adjoin,' to bo sinuous or zigzagged, often 
presenting very elegant patterns, especially on petals. The external 
wall of the cells is usually more or less convex; and in petals this 
condition is curried farther, through numerous gradations, until we 
find a papillose condition, arising from each epidermal cell being 
produced above into a little obtuse cone. , 

636. Hairs and scales of all kinds, “scurf,” such as we see 
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the Bromo liaceae & c.i depend on the dev elopment of the epidermal 
tiiimple kairs are merely single epidermal cells* produced lni» 
a tubular filament; ccU-multiplication usually occurs in such linirs, 
so that they piHJsent a number of joints (fig. 515, h ); .and not unfre- 

Fig. 



quontly they are more or loss hraneht>d (fig. 616, c, d). Glandular 
hitlrs differ merely in certain of their cells secreting oDs or nsins in 
their cavities (fig. 615, /). Scales arc pnjduecd by epidcrmiil cells 
growing out into flat cellular plates instead of projecting filaments. 
Tliona. such as those of the Itew, the spines of loaves, like those of 
ilio Holly, (fee. are epidermal products in which the cells become 
thickened by woody secondary deposits. 

637. The most remarkable diversities of condition of texture of 
herbaceous ^rgms dononA on ihe insistence wliich the enidcrmal 
fr^OTmmircs. 'Ac leathery texture of eve^reens, the woody cha¬ 
racter of the leaves of Conifers, &o. depend chiefly on deposits formed 
on the wall of the epidermal cells.* 
taall TOidermis CTKwed to the air, the outer walls of the cells 
become early siren gt'R^cd W scconcterv deposits ; these are very 
{Iiin and sligbt in soH Wb^eous leaves, espomally when such 


Rg. 6ia Rg. 617. 



Tertioal section of ppidflrmal celli of the leaf of/Teyo eamom: a« tlie 
Moondar^ wImwmI yellow by Uiduu*. Ma^ 440 diom. ^ 

n7* Beotion w m ne 516,' tronttni with oauatln notash t a, detached catfenlnr pclUole; 5, 
the layen of thickening of the ooltr walla of the o^la. Magn. 440 diem. 
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plants are roared in a warm, moist atmosphere. In leathery or 
hard leaves, alto in the thick tough leaves of succulont plants, such 
as the Aloes, lloya (figs. .516 & 517), &c., the secondary layers acquire 
great thickness; and in the epidermis of the branches of Vneimi 
(fig. 518) the colls become absolutely filled up, and the ccUs of the 
subjacent layer of tissue alsf) sufft.-r the same change. 

(iIjS. In the eoiiTse of ’.his tbieJo e’ g, the .senerfiei'il Irmiina', 
exposed to the air, beraine wore or loss ehctnicaliy changed, and at 
the same tirej^ fused, as it 
were, into a continuous 


layer all over the surface 
of the organ ; and by ma¬ 
ceration or applying nitric 
acid we may separate this 
outer stratum as a con- 
tiiiuoiLs sheet or pellicle. 
Til is Laj'or, which strongly 
resists decomposition, is 
called tlio evtide (figs. 
517 & 519, ff) Some 
authors explain its origin 
by supposing it to bo a 
substance exereted from 
the outer walls of the epi¬ 
dermal cells, and hardened 
into a pellicle (like a var¬ 
nish) tlioro. But by tracing 
the development, it is seen 
to be merely the altered 
outer walls of the colls. 

In Cycm, the inner la¬ 
mina) of the secondary de¬ 
posits exhibit pits (§ 582) 
hke those found on the 
walls of wood-ceUs; but 
this is a very rare pho- 
nomonon. 



Vertical Ht^etton of cpidt^niuvl ccIIh of old stem of 
^'isonm albuu^, jSlagn. 400 diam. 


Fig. 619. 



Vi-rtii'il s.-itlon of ejiiitormut (vlls of UeUdborns 
fa/tidu9i a, out^c. Mo^n. 4^ diam* 


039. The aerial roots of Orohidacero exlubit a curious structure, 
the growing extremities being clothed by a whitish cellular tissue 
composed of soveral layers of coIIb with a delicate spiral fibrous 
deposit on their walls. This layer forms a kind of coat over the real 
epidermis of the root, and is known by the name of the vdamm 

—^The yoimg shoots of Bicotyle^onous trees and shrubs 
ore dothei with epidermis like herbaceous plants; but before fhe 
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close of the first season of growth, in most coses, the green colour 
gives place to brown, which is owing to the formation of a layer of 
cork from the outer layers of cortical parenchyma. Cork m com¬ 
posed of tabular thin-walled cells, containing only air; tkc surface 
of the corky layer is usually rough and irregular, and it jieela off in 
laminffi periodically in certain plants, being renewed by development 
from the green cellular layer which it covers. 

In some plants the corkv layer is little developed, in others very much, 
as in the Cork-Oak. In the Vine and Clematis the corky layer is scarcely 
distinguishable after the first year’s gnnvth, as the bark'breafcs away, down 
to the lilx'r, in stringj' shivds. In Viscmn no cork ocewa; even in shoots 
eight or nine years old the epidermis remains, but completely consolidated 
by secondary deposits, as uoticaid above (§ 037). 

D. TJie Aef'ml System. 

641. In mdst parenchymatous tissues of the higher plants we find 
the cells so disposed as to leave passagosnof giviiter or less c&pacity 
between them, which ])assageB arc usually found filled with air, ap¬ 
parently secreted from the contents of the cells. In imperfect ituivu- 
chyma (fig. 47tf) tlicsc intercellular pnssayes occupy a very eon- 
sidprable portion of the space filled by the tissue, and they inter¬ 
communicate in all directions. The spongifonn cedlular substance 
of leaves is traversed by larger passages of this kind (fig. 472), ex¬ 
panded in many places into uir-spuces, forming a continuous system 
of cavities, trhieh are in direct communication with the external air 
by the stomata. When stcUatc cellular tissue exists (fig. 474), tho 
air-spaces are very extensively developed. 

Ko intercellular p assages or spaces e xist in young tis sues ; they are 
subsequently tormea by the cells separating from each other ns they 
expun^ and excreting air into the interspaces. 

642. Air-canals, are long tubular channels, in petioles (Nym- 
phacacctc) or stems (Hippuris, Potamoyeton, &c.), hounded by a 
cellular wall, and generdly arranged in a definite manner in tho 
organs in which they occur. They are sometimes continuous through 
long tracts of the stems or petioles (NymphaBaceac), or they ore sub¬ 
divided into chambers by coUnlar diaphragms occurring at intervals 
(petioles of Musa, stem of JSippuris, MyriophyUam, &o.). 

643. are formed by this cellular tissue being torn down 
and destroyed Dy expansion of the surrounding tissue: examples of 
this occur in tho fistular stems of TJmbelliforsei which when young 
haya^jnn^ii pith; but this is tom away by the expansion of tho 
eylmMfV flbro-vascular bundles, and leaves a tubular cavity. The 
holiW stbms of Grasse;i, of Equisetasce, &c. originate in the same 
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E. The Secretonj System, 

• 

044, Tho stnictiires in which arc found the suifstanccs usually 
called tho accretions of plants, consist of yhinds, reservoirs, and nmols 
for peculiar secretions (rosins, oils, &e,), and tho so-eallod miVc- 
vessels. They for file most iwirt occur oidy in particular jdaiits or 
particular or^fans, and present many special modifications in dif¬ 
ferent Natural Ordera. 

045, (flowls arc Hio structures of this kind most freqncntly met 
with, and they arc frcnerally connected in some manner with the 
epidermal tissue. (Hands may he divided into simple and eow^jottad, 
and also into external and inU rnal. 


Simple e.xtemal gliiiids arc in most cases glandular hdirs; e. the? 
terminai cell of a jointed hair is expanded and filled with oil or 
other secretion. Of this nature ain the glands of the foliage, flowers, 
&c. of many Lahiata;, Scroithulariaecac (fig. 515, /), ti e. 

Siinnle internal trlands .are mostly isolated cells of the layer iiume- 
diaiely'suhjaeent to the epidermis, as in the leaves of JSeijonia, 
Lyshmcliia nalf/aris, tlie Tpotnis of Maynolia, &c. Such glands occur 
also in the leaves of Lauracecc. The cystolithes of Urticacea) are 
related to these (§ (512). 

CoMmnml e.tierml (/lands iiro sometimes hair-like growths from 
the epidermis, with the kiminit {Vrosera) or the Irnse {Uktamnus, 
fig. 515, a) d('vclo]K‘d into a cellular nodule, tho cells of which either 
contain the secretion *or suiTouiid a largo central cell filled with it. 
Other su])erficial glands form papilla: of various shapes, in like manner 
either wholly fonued of accreting cells, or with a central reservoir, 
as in the Hop, Begouiactw, Uosaccffi, liCguminosa:, &c. 


Compound iiitcrnal ijlmuls are commonly 
reservoirs surrounded by a spet-ial Layer of 
cells, lying just beneath or sometimes rising 
in a domo-8h.ape a. little above tho surface of 
the cpidorraia. Examples of this occur in the 
leavt's of JJwto (fig. 520), the rind of the fruit 
of Oranges, Lmnons, &c., leaves and stems of 
Hypericacem, Myrtaceas, &c. 

None of those glands have oxcrotory ducts like v procai sucuou »»ciurt.-r, 
the glands of miiiuala Jn niauv ea-ses tho secre- snbjatipnt ginmt of 
tions exude through the memhrane, and give a ™ 

peculiar character to tho surface of tlie organs in ■ .. 

which they are found. A very general form of secretion of this kind is 
the exudation of saccharine fluid from the superficial cells, very common 
at the base of petals and ovaries, on the stigma, and sometimes on leaves, 
or at particular points of tho lower surface of the leaves, as of Prurms 
iMurocerasHs, the Laurustiuns, mid other shrubs. .. 

646. Stings are a form of glands, con sis tin g of a long, stiff and 


\ (‘rticol Biichiou chidiTi 
And snbja('(*nt glnnd of 
Jiufa gmveolens. 

5u dlam. 
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pointed hair expanded into a bulb at the base, containing the poison. 
This bulb is surrounded by a laj'or of cells derived froin,tbo epideptois^, 
wbich by tbeir tension oxort a certain pressure, whence it results 
that when the point of the.stinging-hair is broken off, the fluid is 
pressed out from the orifice. 

647. lletervoir s for w^uliar se erntwim may be regarded as a 
highly developed form of the internal gninds. Those of the Coni- 
feraj consist of cylindrical bundles of thin-walled cells, filled with 
resin, lying in the midst of the wood, parallel with the fibio-vas- 


culor structures. Similar reservoirs exist 
in the roots of Ithuburb, in the leaves of 
Aloen, (fee. , 

(>46. The mue^sJor^eerfiMM differ from 
the foregoing in Vuig intcrcelluiar channels 
bounded by a definite la)'er of cells conjoined 
so as to form a closed tube. Such canals 
occur, containing resin, in tlic bark of the 
Conifera), in the petioles of Cycadaccaj, in 
the Umbelliferffi, Compositm, Anacardiacem, 
&c. &c. 

649. The niill-vesiie/s or latidfertmseamtJx. 
ceutaining the late,r or milky juice o^ Papa- 
veraceas, Euphorbiaccae, Cichoracesp, «Src.,ai)- 
pear to be intercellular paiwages which he- 
como bounded by a false membrane from 
alteration of the walls of the ceUs between 
which they lie; and this view of their stnic- 
ture has till recently been the one most 
generally adopted; but the more recent 
researches of German and French ana¬ 



tomists lead to the conclusion that they arc formed, like other 
vessels, from the confluence of cells into tubes. Trecul even states 
that the laticifcrous tubes anastomose with the true vo.sseis and pass 
their contents into the cavity of the latter. They occur most abun-' 
dantly in the pith and inner layer of the bark of stems, and in the 
cellular substance of roots, and are found in the form of more or 
less regular, simple or ramified channels in stems, petioles, &c., but 
much more irreg^ular and tortuous in roots, and frequently anasto¬ 
mosed into a complete network. Examples of the fomer may be 
found in ‘stems of Pajiaveraeem, Mens elmtiea, Su>.; of the latter in 
the roots of the Dandelion (fig. 621), Chicory, <Sm. Dippel, who 
made a special study of these organs, holds that the laticiforous ves¬ 
sels re|iaoe the “ clathrate ocUs” of other plants. 

The milk-vessels eqntain an opalescent granular fluid, in which 
are suspended globules of caoutchouc or other resins, and frequently 
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also staroh-^'anulcs. The milkT charactor is only acquired on ex - 
poBvire to tho am and it (^appears again as tho jnice hardens into a 
resin. 

Latcx-canals are n'luarkable among the eecreting-apparatos of plants, 
from their juices containing many of the most active and important 
of the specim organic componnda. liesides the pure gum-resins, such os 
Cauutchonc, Gutta-percha, Gamboge, &c., they carry substances contain¬ 
ing Tegetabie alkaloids, such as Opium, Lactucarium, &c. 


Sect. 4. Intehnai. Aeatomt op Obgaks. 

650. All young plants arc composed of cellular tissue alone; and 
the Thallopliytes never acquire any of the more highly developed 
“ systems ’’ which wo meet with in full-grown flowering plants and 
the higher Cryptogamia. In the stems of tho latter, the “ systems " 
present sjiecial modes of arrangement, rosjiectively characteristic of 
the great Classes. 

The mftre or less uniform condition of tho tissues in tho ThaUophytes is 
connected with great simplicity in the physiological processes of vegeta¬ 
tion and giwili; wliilo in the higher plants the diflureuco of internal 
organization is accompanied by important diflercnces in the modes of 
development of the axis. It would cause us to exceed our limits verv 
widely to enter into minuto details of tho internal structure of the orgtuia 
of vegetation of plants generally; but it is requisite not only to give a 
general sketch ot the plan of oigonization, but to describe some of the 
moie important modifications met with in tho higher Classes. 


Sinteture of Stems ^-c, 

651. As a general rule, plants possessing stems and loaves ex¬ 
hibit. in thoir ste.ttis a definitely arranged fibro-vasoular system, the 
bundles of which send off branches, or pass off themselves entirely, 
to form tho ribs and veins of the leaves. The same axial system 
famishes below, directly or indirectly, tho bundles which constitute 
tho woody central mass of roots. 

Exceptions to 'the above occur in the highest Classes, in plants with 
vegetative organs of low type and in aquatic plants; in tee latter espe¬ 
cially, tee fibru-vascular bundles seldom extend into tee blade of the leaf. 

652. Tho simplest form of the fibro-vasoular system is seen in the 
Mosses (p. 421), where a cord of proscnchymatous tissue runs up the 
centre of tho thread-like stem, and in some cases sends off branches 
to the leaves. 

6511. In the Lycopodiacete (p. 412) the axis of tho stem is ocenpied 
by a fibro-vasoular bundle containing spiral and scalariform vessels, 
which is regularly developed onwards with tee growth of the point 
of tee stem, sending off lateral branches of spii^ vessels where leaves 
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arise, but untleTgoing no change after the intemode in 'i|-hich it lieK 
is once formed. • 

, 654. In the Equisetacero (p. 414) a ring of isolated fibro-vasoulw 
bundles exists in the periphery of the aerial stem, surrounded by 
liber-oells and parenehyniu; these, again, arc simultaneous bundles 
(§ 632), and grow only at their points as the stem elongates. The 
constituent vessels arc spiral or annular. 

655. In the I’ems (]). 416), where the stem acquires gr(!atcr di¬ 

mensions, we fiud a number of fibro-vascular bundles standing in an 
irregular circle, suiTOunding a central cellular axis, and cxt<‘rnally 
surrounded by a kind of rind. The bundles do not run straight up 
the stem, but in waved curves; and they anastomose laterally and 
separate again, leaving wide passages of communication between 
the central parenchyma and the rind (dg. 522). The branches of 
the bundles going’to supply the leaves are given off at the anaslo-' 
moses of the main, buumes; and tlie bundles running into the (ad¬ 
ventitious) nmts arise at similar places. Those bundles arc “ simul¬ 
taneous;” and therefore the stems never alter in dnhonsi&i s wh^ 
on«) termed . * 

in eases Tike that of Angioi>leris eveeta, where the stem is reduced 
to very small proportions, there are, according to Mottenius, Ihiee 
rones of dbru-vascular bundles, ono within the other, and eoniiecled 
by intervening net-like bundles. It was foinierly supiiosed tliat 
vessels of tlie scalariform'typo were the only ones that oceurred in 
Ferns; but it is now well known that spiral and annular vessels 
also occur especially in tlie younger portions. 

656. All the above forms of toe stem aro charactci^^ by licing 
develoncT only at the poink aiid rontaining only sucK Imiidlos as 
me uhlinuto'd m growth at tneir apex, but have their elomei^ts dc- 
vol(q)cd simultaneously, and “ completed,” as it were, in each inter- 
node, step by step, with the elongation of the stem. 

j^m this circum stance , these higher Crvntogamia are often callbd 
"or ypomt-growers h (Seei^cTTSS^ancnSS^ 

^ 0 /. The stems of MonoCotyledonuus plants (§ 30) have a verj- 
different organization from the above. The most striking peculiarity, 
at drst sight, is the isolation of the dbro-vascular bundles, which, us 
a rule, do not anastomose in any part of their course through the 
atom, and are scattered singly in the parenchyma of the stem 
'fig. 523). Another important circumstance is, that they pass entirely 
into the leaves at their upper ends (fig. 624, a), while at their lower 
extremities they approach the surface of the stem and anastomose 
ivith their fellows to form a more or less develoiied fibrous notwotk, 
icparating the rind or cortical parenchyma from the central fibrous 
Mit stem. I t is from thi s ne^qrk that the fibro-vasculgr 
ocB (adventifiSM) roots Me 'dmved 
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658. The stems of Monocotyledons are very generally herbaceous, 
and thus presenf very important varieties of form, arising from non- 
dovelopmentof ioternodes, according to reg#u- plans. These modi¬ 
fications disguise the structure; but it may bo readily understood by 
picuus of diagrammatic illustrations of some of the principal forms 



Fig. iiSii. Diagmn of the arrangement (d the ilbro-Tosoolar bandies in the stem of a 

1^. 523. Dingram n^prosenting arrangement of tho fltnro-ntfoahur bundles in a 
* Falm-stem. 

Fig. 524. Another diagram, representing the up^r (a) and lower C5) extremities of a 
Konocotyledonous trunk, with its fibrous hhyer whore tiie stem-bundles 
terminate and those of the root commence, enedosed-by a oortiool layer. 

669. The fibro-vaacular bundles of Monocotyledons (fig. 62f 
being of the definite (§ 632) kind, they acquire their fhll develop 
ment iu each intoruodo before tho leaves to which they belong fall 
and hence the stems <of this dass do not increase in diameter as 
general rule, but have a columnar character when they form wood 
trunks. But there are exceptions to this rule. 

660. It has Just been stated that the fibro-vascnlar bundles tenai 
nate below, near the periphery of the stem, and there fond a mor 
or less evident network of fibres; ibis network constitutes a kind e 
sheath romid the general mass of the stem, and is itself covered b 
a more or less developed rind or cortical parenchyma (fig. 624, V 
The tissue in the region at Ibe flbio-vasoular network, or fibrous layet 



atcd here retains its derelop- 
niental power in many cases. 
Tlie essential difference be¬ 
tween this and the cambium- 
ring of Dicotyledons depends 
on the fact of its not coin¬ 
ciding, in a parallel arrange¬ 
ment, with the cambium-re¬ 
gion of the fibro-Tascular 
bundles, but with the etetre- 
mities of the bundles, which 
always remain isolated from 
each other. The sncocssive 
layers of fibrous structure in 
Draemia &e. are formed in 


Monoc‘Otylf^lonouBfibro-Ta(icu}arbuiidI(*(iW>iuth<* 
spadix of PAcrnir A. Transverse* 

section. B. Vertical section; p, jmrcuchymi^ in 
which the bundles lie; ir« woM-oells; eCfSpiml 
vessels: if,reticulated ducts; vp^maapropria: 
it Uber'CeUs. Magu. 100 diiuu. 


like manner of isolated^ bundles, imbedded in parenchyma; they are 
unconnected with the old bundles of the primary axis, but arc con¬ 
tinuous above with the lower ends of bundles belonging to the branches 
occurring in these stems. 

662. Tlie stems of herbaceous Monocotyledons have the fibro- 
vasoOlar system always in the form of “ stringy ” fibres imbedded in 
BuCculent parenchyma; and in those perennial stems of the Class 
|which acquire a solid woody stmotuxe the ligneous character de- 
Ipends, not on the fibro-voscular system, but on the general parcu- 
ichyma of the stem having its ^s lignified, of which we have 
examples in the Cocoa-nut and other Pahns, in the Bamboo, &c. 

6fi6. The rind of the Monoootyledouoiu stem, totally different 
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from true harh, is generally little developed. On herbaceous stems 
it is a mere epidermis; but on fleshy rhizomes it sometimes acquires 
considerable thickness, and is then found to be composed of spongi¬ 
form parenchyma, mth laigo air-cavities, theewbolc bcunded ex¬ 
ternally by a few layers of tabular parenchyma with a corky outer 
surface. 

A certain number of forms occur aberrant from the fypo above descrited. 
In Aloe the flbro-vascular bundles are so arranged as to form a liind e/S 
cylinder, separating a central from a cortical parenchyma. In the Smi- 
locna:, Uiostaireaceie, and some other Order's the rhizomes imitate still 
more the Dicotyledonous arrangement; for not only do the bundles stand 
in circles, they do nut pass wholly off into the leaves, but run continuously 
through the krucUirt!. Still there is no periodical resumption of activity 
in the bundles, ns in the Dicotyledons. In Ximlexcanlia, aud in the Grasses 
also, anastomoses of the isolated fibres take place at the nudes of the stem. 

0(14. Tlic stems of Dicotyledons, and of Coni- Fig. 526. 
fene which agret; in the main points, are at 
first of very simjile stiucturo, almost resembling 
those of the Ferns; but their fibro-vascnlar 
bundles being of the iiulejtnite kind, capable of 
lateral growth by addition of new elements season 
after sciiBOii in their outer regions, the full-grown 
stems deport widely from the preceding types. 

h'or piuposns of comparison, attention must bo 
coiiUnea to shoots or steins of Dicotyledons in their 
lirst year of growtli, as the formation of annual layers 
is a phenomenon to which there is nothing curre- 
8]K>naeut in the other 01assc%(excoptiug Conifers). 

605. When a young horhuecous stem of a 
Dicotyledon is cut across, we And the fibro- 
voseular bundles standing in a circle around a 
central parenchymatous mass, the pith, and 
enveloped by a cellular rind (fig. 526). The 
bundles in tolerably straight vertical courses, 
and anastomose freely;. a certain number of Diagram of the arrange- 
huudles belong to each leaf; but tliey do not tobuSSwtaIJSng 
pass off into tho leaves, merely sending a branch auan of a Diootjriodon- 

from the inner vascular part of tho bundle, while the outer woody 
mass is pi-olonged upward, and is uninterruptedly continuous with 
n new bundle belonging to the leaf directly above it (which, as 
follows from the laws of Phyllotaxy (§ 60 et seqq.), is generally at a 
distance of several internodes). 

666. As tho stem increases in age, each fibro-vascnlar bundle forms 
a wedge-shaped mass of wood (fig. 527) by development of the inner 
part of the oamhium-rc^on, and at the same time a layer of liber 

2a2 
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at the extreme outer side, next the berk. At ^ close of tlte iirat 
Beason. therefore, wo hare a central j/it/i (fig. 527fp), immediately 
bound^ by the vascular portion of tho bundlos (called tlie medullary 
sheath) (ms), from which pass tho branches to supiily the leaves 
with ribs; next come the wedges of wood (w), formed of prosen- 
chyma (pr) and ducts ((/, rf)in most Dicotyledons, of pros<'nchyma 
alone in Conifers, which passes into the camhial or reproductive 
layer (e ); and this is continuous outsido with the ?«6«r-bundlo8 (Z), 
Cflrresponding to tho wedges of wood: the liberrfibres, like the 
inner vascular elements, send branches to form part of the ribs of 
the leaves. 

Fig. r>27. 



Dicotyledottons flhro-TasmlBr bnndlft (Planp>tT«Nif) of oito growUi. A. TronnvtTBo 

B^on. B*. y^rtioul Bovtion; «/, suborous layer of the bark; ept eortioal paroochyma; 
2, liber; e, cambinm-rreion; <2, ducts lying in tbe prosenoh^iua, or wood-oeUstpr; imit, 
meduUaiy sheath of spiral vpssols; p, pitlu Tht: structures connected by b belong to the 
bark, thowt marked v to tho wood. In A, the bundle is seen to be bouTid(*d on each side 
by a medullary ray, running from the pith to the cortical pmreuohyma. Mogn. 60 diara. 

667. Tho fibro-vascnlar bundles, standing side by side, do not 
become absolutely united, but are separated % thin plates of com¬ 
pressed cellular tusue, running out from the pth to the cortical 
parenchyma; these plates are called medvMaty ray s (fig. 528). 

668. The liber-portions of the bundles are associated with rows 
of clathrate colls (§ 585), and frequently with latex-canals, and they 
are surrounded by a layer of parenchyma, composed of cells filled 
with 8iq> and_ containing ohlorophyil, the eelhdarjnve^e (fig. 527, 
e p)} and this is protected externally by 8ie dry syt berous laife r 
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4*^2), whioh succeeds to the epidermis when the hcrliuccous shoot 
acquires a woody character. 

Many special modifications of the above tjM an* met wit ’ in Dico¬ 
tyledons. In the Piperaceas there is a kind of double, concentric circle 
of libro-vascular himdles, the inner circle supplying the leaves, but not 
possuased of a cambium-region; while the outer circle^ is of the ordi¬ 
nary milimtted character. In the Sapindaceie, Malpighiaccaf, and sf.nie 
otlier Orders, part of the fibro-vasculnr bundles remain sepainte from the 
principal cirele, and lay the foundation of a nunilior of secondary evlinders 
of wood, enclosed by a common bark; this phenomenon may he well 
tiWrved in CW/j/cunffta*, where a square form id the stem results from four 
fibn)-vascular bundles remaining free from the central cylinder of wood 
in this way. 

In the N'ympha'actem we find a very aberrant condition: the fibro-vas- 
cular bimdl'es, formed of vessels and parenchymatous cells alone, without 
wood, are quite isolated, destitute of eamltium, and form a eomplieatcd 
interlacement closely resembling that occurring in Monocotyledons— there 
being no distinct ion of pith and medullary rays, and no Ijark. 

A still more frequent source of diversity lies in the varied nature and 
mode of arrangement of tlie elements of the W'oud. In the Plane (fig. 627) 
we see the spiral and annular vessels succeeded by a body of prosenchyma, 
ill which are scattehid largo pitted ducts. In tlie Ilasel and Alder fliese 
ducts are for more niinierous, a# they arc also in the Lime. In the Oak 
the prosencliymatoiis cells are 'tery small, and become greatly thickened, 
but the ducts are large. The Bo.v lias very small and dense prosenchyma- 
cells and tew and small ducts. In the spongy wood of the llonibacero the 
proseiieliyma is almost wholly replaced Dy thin-walled parenchyma. 

In the’Ooniferso there is a total absence of ducts, the w'ood being formed 
exclusively of prosenchyma with the peculiar bordered pits (fig. 487), or, 
as in Tn.riie, with hotli pits and a spiral fibre (fig. 402). 

(StiO. With the commencement of a second Benson of growth, a 
Dicotyledonous stem begins to acquire its especial pcculiarincs. 
When the buds open to produce new shoots, cell-division recom¬ 
mences in the catnbiuni-rcgion of the old bundles, and an additional 
layer of wood is added gradually during the season to that formed the 
year before. Season after season this process is repeated, and thus 
the cross sections of the stems present a scries of concentric laminse 
of wood corresponding to the number of seasons during which the 
stem has existed (figs. 528 & 629). 

The concentric lameUas of wood in Dicotyledons aiw really annmd 
ringe in most trees of temperate climates. In the tropical trees it 
fn^quontly happens that more than one ring is formed annually. In 
our own trees an interruption to the vegetation, such as is caused 
by an accidental defoliation during the summer, produces additional 
annular markings. In the common Beet-root several rings are 
produced in one season. 

In some tropical tnies (Malpighiaceso) the concentric circles are not 
very clearly marked; in others &ey are even separated 1^ a distinct layer 
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of pureiudiyina. In the Bignoniacen it is common to find tli« weed 
^vided into four lartm portions, separated by wedge-sba^d cortical struc¬ 
tures, giving in the nonzontal section the form of a cross. The old stems 
of Bucn plants as the Sapindacess &c., above referred to, with isolated 
bundles outside the central woody cylinder, acquire very anomalous 

Fig, 528. Kg. 52S). 



Fig. S28. Diagranui of oroM poctions of n one-year (A), f.wo-year (BX and thrr>e*yrar old <(.') 

Diootyledonona Btem,or of the branches 1,2, ana 3 of iig. 529. The lettera to A 
indicate:^, auberous layer; e, oellnlar envoloi^e running in to Uio block medul¬ 
lary rajv; It liber; e« oanibium-region; n, wood; p, meaullory rays; m, medul¬ 
lary sheath of spiral vemels; p,pith. The figures to mark the wood and 

liber belonging to the 1st, 2na» and Hrd year. 

Fig. 520. Diagram of a Tertieal section of a Dicotyledonons stem 3 years old( with 3 bramdies 
marked 1, 2,3, indieating ihe age in yoam of th«> branch and the intemode ImIow 
it. The figures below denote the ages of the layeni of liber and wood; p, jjrith; 
e» osnibtum; m, xuednllarr sheath; layers of wood; I, layers of liotnr; 5, 
oellular and oorky layer oi bark. 

forms with age, since each collection of fibro-vasculnr bundles is developed 
annually in its oambium-region, and hence the stem assumes the appear¬ 
ance of several stems enclosed in a common hark. In Oycads more than 
one year is required to complete a woody zone; thus, in very old stems 
of Cycads, only a few rings are seen snrrounding a voluminous pith. 

670. ^ woody trunke increase in size, the older parts of the 
wood fl^uently go on incroasing in density by the formation of 
necondi^ layers in the. cells of the pnsenehyma; thns the old cen¬ 
tral wooid becomes more solid, forming what is called the duramen 






nriEBNAl ANATOMY OY OKSANS.—gTBMS. 623 

or heart-wood, which is sometimes d^ply coloured by chemical 
changes or secretions of various substances, as we see in Ebony, 
liignum Vitse, &c. The young external layers of wood, in which 
the ascending current of fluid passes freely, is caUed the aVmmwn 
ifT sap-wood . 

671. 'IfKo fibro-vas(!ular systems of the branches of Dicotyledons 
originate independently in the bud, but soon become blended with 
those of tho parent axis, with which their layers of increase become 
uninterruptedly continuous. When a branch is broken off short, 
leaving no buds upon it to oontinuo its growth, it becomes sur¬ 
rounded and ultimately entirely enveloped by tho succeeding annual 
layers of wood, and in this way forms a “ knot.” The numerous small 
knots of the wood of Pinm s/flvestris arise from certain of its branches 
being broken off while small. 

G72. Tho pWi or medtdla consists of parenchymatous tissue, filled 
with nutrient matters, stored up for the use of the growing tissues. 
It is of most service in young twigs, and becomes inert in rfter-life, 
and often disappears as the wood gi-^ws. It exists either as a con¬ 
tinuous cylinder, or is broken up into disks separated by cavities one 
from the other as in the Walnut. In some cases some of the cells 
of the j)ith retain their vitality longer than others, so that there is 
an adinixlnrc of living and dead cells; and in this way the differences 
in tho pith may even serve to distinguish certain genera one from 
tho other. 

073. Tho •mdipary ram (fig. 628, A) which separate tho primaryl 
bundles sun (tovolopofi i li the cambium-region with the yearly layers! 
of wood, and always extend to the coitical parenchyma; in the! 
layers of successive years the now elements of the wood separate into! 
parcels divided by motidarif medtdlary rays (fig. 528, B, C), which . 
arc repeated in each successive seirson. The course of the fibro- 
vascular bundles being dightly sinuous, from their lateral anasto- 
mostfs, the medullary rays have, singly, no groat vertical dimensions; 
and their transverse diameter varies in different cases. Their cells 
become lignified in heart-wood. 

674. The liher is usually formed in successive thin laminae composed 
of slender laterally anastomosing bundles of liber-cells; and in some 
plants these laminm ore separated by layers of parenchyma, so that 
the liber-structure of old stems may be split into its annual layers. 
In some stems the liber ceases to grow after the first season. 

The hast of wbkh Russia matting is made consists of the swarate 
liber-layers of the Lime-tree. The “ lace ” of the Lace-bork tree {Lagetta 
litUearia) is the liber, and that of other trees of the Order ThymelacMiSB is 
used for tying up bundles of cigars &c. 

676. Tho edltdar mvelope (fig. 527, ep.) is generally in an active 
condition^ vegetation during the growing-season, since its tissue 
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must increase laterally (tangentially to the stem) to allow of the in¬ 
creasing diameter, while it produces the new snberous structure on 
the on^de. 

676. The mheroiis hner differs much in. its condition in different 
trees. When it is composed of a few layers of tabular cells slowly 
increased within as the surface splits and decays, it forms a mere 
periderm ; in some trees this is formed of alternate layers of large- 
celled and small-eollcd tissue, and splits and curls up into rolls, 
which gradually fall away (Birch). In other cases it is thrown off 
periodically in large plates by expansion of the subiacent green cel- 
iular.layer which reproduces it (Platamm), In the Elm, Oak, &c. 
the corky layer is developed regularly internally, and docs not sepa¬ 
rate: it hence acquires considerable thickness, and is irregularly 
split up by the expansion of the stem, thus forming a tugged rind. 

In the Cork-Oak the suberous layer is greatly developed, receiving 
considerable increment every year, composed of thin-walled mnri- 
fonn parenchyma. 

- In the Vino the old liber is thrown off annually with the seareoly distin¬ 
guishable periderm; and the same takes place in Ckmatie. 

Structure of Booh. 

677. The anatomy of roots presents important modifications: but 
these are less striking than those met with in stems. It is neces¬ 
sary to restrict our account of those organs to the principal facts 
only. In all cases they have a fibro-vascular axis envelojmd in a 
more or less thick cortical parenchyma, covered when young by a 
delicate epidermis devoid of stomata (sometimes called cpiblema), 
when old by an epidermal tissue of corky nature. 

678. The roots of the Vascular (hyptogamia (Ferns, Lycnpodiacea;, 

^c.) are all adventitious, and, exempting in the comparatively few 
arborescent forms, are soft, succulent filaments dying off after a cer¬ 
tain time, to be replaced by new ones formed higher up on the stem. 
Their structure consists merely of a central fibro-vascular axis, sur¬ 
rounded by a cellular cortex and an epidermis provided with^numc- 
rons root-hairs of a yellowish colour. * 

679. Dicotyledons produce an axial (§ 35) root, which is a direct 
prolongation of the stem downwards; and both this and the adven-- 
titious roots frequently developed on the stem have the peculiar un¬ 
limited fibrt>-va8cular struotuTO found in the stems of this Class, and 
may become woody and increase by annual layers like the ascending 
axis. 

m 880. The radicle of a Monocotyledonons embryo is never deve¬ 
loped ; but if we make a section of the lower part of the emhrjm, we 
find on« or more little conical bodies imbedded in the parenchyma; 
these are the nascent adventitious roots, which soon apphar exter- 
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Tially by breaking their way mechanically through the superficial 
tissue. The anatomy may, howorer, be more easily studied by 
tracing the development of the adventitious roots on the rhizomes of 
Hushes, Flags, and other plants of this Class. The roo ts originate 
(fig. 530, A, a r) in the roaion where the fibro-vascnlw i)nnd& tSe 
stem terminate (and frequently form a fibrous plexus TS 037)). They 
are at first wholly cellular, and we may distinguish in them three 
parts,—a woody axis, which soon becomes continuous with the flbro- 
vascular plc.\us; a cortical parenchyma, continuous with the inner 
part of that of the parent stem; and a kind of conical hood of rather 
dense cellular tissue, enveloping the end of the root. As the root 
grows, it pushes the hood forward, which breaks down the cellular 
tissue befon* it, and finally appears externally. When the epidermis 
is ruptured in this way, ii, presents a circular free edge standing up 


slightly like a collar around the 
base of the free part of the root: 
this is 'Called the eoleorhisa (fig. 
530, B, c) by some autnors. The 
couiciil hood upon the apex of the 
root, called tlie pileorMzu (fig. 
53(1, B, p), is more or less per¬ 
sistent in different cases ; in a<iua- 
tic plants it becomes g^^atly de- 
velojMjd, as may be seen in the 
Duckwecd(/ie»mM/),where it forms 
a long sheath, ap])caring as if 
slipped over the end of the rootlet. 
The focus of development of the 
root, is within the pileorhiza, 
which is pushed forward by the 
cx)ntinual development of cells just 
behind the apex. 

The pileorhiza may be compared 
to a kkid of shield or guard to the 
lip bf the root, protecting the nas- 
pent tissue, by the e.xpan8ion of 
which it is pushed forward, itself 
^ways possessing a certain solidity 
which enables it to penetrate be¬ 
tween the particles of the soil. 

V 681. In a cross section of the 
root of a Monocotyledon we sec the 
centre occupied by prosenchyma- 
tous tissue, with a circle of vessels 
around it; the whole enclosed by 
regular parenchyma, sometimes by 


Fig. 530. 



DeTolopmeni of odTontiiHOUB root* in fipttrifa- 
nimn. B. Praipncnto of a rhixonie witli 
cortical parenchyma (cp>, flbroiw layc^ (/) 
irhere the flbrO‘Tutioularl>undI«‘flt(*rminate, 
and central fogion (m p) in which the ban¬ 
dies ran. A, a r, shows an adventitious root 
arisinefrom the cambium tiasim at the 
■idn of the flbrona layer; in B the more aa- 
TUioed rcAt (a r) has emmved, leaving a 
ragged collar or coliiorhisa and having 
a root-hood or pi^rbisa <ni its extremity. 
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liber-cella and covered by an epidermis. The ring of vessels prca ds 
dnt into a kind of rosette at the base, and anastomoses with h e ex¬ 
tremities of the fibro-vasoolar bundles of the stem in the iibrons 
region (fig. 530, /). Secondary adventitioy rcmts are formed in the 
same way in th e ro ots, onginafing immediately upon the vascuto 
nn g and b reaking th rough the cortical parencliymaT 
"”TEe'woo3y advcntitiOTslroot^of arborescent Monocotyledons differ 
only in the greater development of the fibro-vascular structures; and 
they emerge from the stem (Palms) in the form of tiiiok couioal 
shoots. 

682. When adventitious roots, like those just described, die away, 
they decay down to their very origin, and leave a scar in the form of 
an orifice surrounded by the ragged coleorhiaa. 

In the thickened adventitious roots of Asparagtts, which perform the 
function of tubers, the parenchyma is grontl 3 ' developed. In the tuber¬ 
ous roots of Orchids (figs. 20 Vk 21) the central wo<sly 
Axis becx>mes irregularly expanded into parenchymatous 
tissue driving the vessels out nearly to the periphery, so 
that the characteristic structure is greatly disguised. 

The aiirial roots of the epiphytic Onihids have the grow¬ 
ing extremities clothed by several layers of a paren- 
chvniatous tissue, in which the cells are characterized by 
dfelicato open spiral-fibrous secondary layers. 

(583. The axial root of Dicotyledons, being a 
direct continuation of the stem, displays a circular 
group of fibro-vascular bundles as in the ascond- 
jtig axis; but these mostly converge at the point of 
vj uidtion of stem and root ( ^ collar) , so that the 
central axis of parenchyma, the pirn, is nsnally 
. sent , the mcdnllar^ra^(^67) rcmalmng as in the 
stem. Externally, again, there is a difference, since 
the liber-bundles vanish and the cambium-region 
passes at once into th^ cortical parenchyma, here 
colourless and succulent, and this is clothed by a less 
prominent periderm than the stem. The roots of 
Dicotyledons increase in diameter by annual layers of wood formed 
in the fibro-vascular bundles, those, however, being much less regular 
in their arrangement than those of the stem on account of the tor- 
tuons course of the roots; hence while the wood of tho roots is often 



Bztrpixiitj of Uio 
root of a jmrmi- 
Turaip. 
Magn. 30 diam. 


useful for ornamental purposes, it is comparatively valueless for 
oaipenters’ uses. The branches of tho axial root arc originally 
growths from the apex of the root, thrown off to tho side, as it 
were, and their woody axis is derived from a division of that of the 
main root.. 

The ra4itBle of a germinating Dicotyledon has its, pdeorhiza 
(fig. 531),4Uid grows, in the same way as that of the Monocoty- 
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Icflons, by development of cells just behind the apex. Young roots 
are covered by a delicate epidermis; and the cells of this are 
abundantly produced into hairs ( fibrillce) in many plants, especially 
in those growing in light soils; these hhrils are deciduous, the dcli- 
' cate epidermis (which is always destitute of stomata) being gradually 
converted into a corky layer. 

Adventitious roots are very common in Dicotyledons, especially the 
herbaceous percnniiil kinds, and they alone can (ixiston nlants raised 
from cuttings A c. of stems. The roots originate much in the same 
way as those ofEhelfoiiocotyledons, appearing first as cellular cones 
in the region .adjacent to the cambium-layer, with which tlie fibro- 
vascular stnicturc soon becomes confluent. They break through 
the rind, with a eolcorhiza, and protiictod by a pileorhiza, just as in 
Monocotyledons; but when once formed, they appear to branch in the 
same manner as the axial root, and not by the formation of sceondaiy 
adventitious roots. 


Tremil states that the structure of adventitious roots d iflaers accor- 
ding to the part of the stem whence they eiae^e~~T:^ fi)r instance, 
they orijipiiuto opposite a fibro-vascidar buridle, as in Nuphar, the 
centre of the root is occupied by a brmdle of fibre-vascular tissue; if 
they spring fi-om Uic stem opposite the pith or cellular tissue between 
the vessels, then the cemtre of the root is likewise ccUular. •In 


Cry|)toganis, according to Niigeli, the roots always originate opposite 
a flbro-vascular bundle. The priniaiy form an d dispositi on of t^ 
roots depend in a measu re 'on tiie~i( Mmor'tlIe~fennitoalj^s~an d on 
p pa rtitions by whn£ it is divided— ^jongthwise. 
fiomontal, or oblique 

Tuberous roots of herbaceous Ificotyledons present several modifications 
in the arrangement of the structures. In the Carrot and Parsnip Uje 
fibro-vosculor ring has its component parts much separated by the great 
development of the medullary rays and masses of parenchyma replMung 
the nrainory prosonchyma of woody roots, so that the fibro-vascular struc¬ 
ture has a deceptive resemblancetothatof Monocotyhidons; and thocortical 


vascular parts of the bundles being split up, os it were, into a row of 
fibres radially arranged and imbedded m a great quantity of lax paren¬ 
chyma. The fibro-vasculor bundles converge at the “collar,” and then, 
separate again to surroimd the pith of the stem; they also converge again 
towards the point of the root. These so-called roots are more nearly 
allied to the stem, and are, indeed, hypocotv ledonary stems. ■ 

The structure described under the name oi y)ongwles has no existence 
in nature. The error has probably arisen from the appearance presented 
by iiiie pOeorkiza. 

*" ■ w bv ceU-development only near •the anex; and intersti 


cotyledons present a dense he 
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wood like the trunks, the passage of fluid taking plaen through the outer 
lajgre. When the older ports of roots aro exposiHl to the nir by rc- 
mow of^il, they acquire a thick corky periderm. 

The crenel^ etructure of the root of Conifers is like that of Dicot'jr- 
W(ma. • 

Struefure of Leaves ^e. 


684. Tho plan of construction of the leavas and of the other 
appendicular organs of the stem is in the main identical throughout 
all cases; but there is very considerable variation within the limits 
of the general type. 


685. The essential character of the anatomy of a leaf is, that it. 
is an expanded layer of partmehyma clothed over its whole snrface 





Proge^on of a framnemt of tho loaf of the Turnip, ronetruoted from Motiona rande in Tsnoun 




upper part, and spongiform in the- lotver part. The epidermis is 
studded mUi stomata (s), which open into intercellular spaces com- 
mui^eating fireely throughout the spongy tissue, and, further, through 
the^tiole, with the intmiellular passages in the stem. The fibro-vas- 
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cular system (nhs and veim) runs through the lower lax parenchyma 
(fig. 532, f. 6),* and consists of bundles of spiral vessels and liber, 
&e former continuous with the medullary sheath (§ 660) and youngest 
part of the vascular axis of the stem, the latter continuous with the 
liber-bundle outside the cambium. The immary ribs in most Di¬ 
cotyledons contain much Uber, and thus become very thick, so as to 
project from the lower face of the leaf. 

The primary ribs have a structure almost precisely like that of a small 
branch, though the cambium-layer or layer of active, growing cells is 
sometimes placed between the libro-vascular bundles and the upper or 
inner epidermal layer in the case of leaf-oigans, while in the case of the 
stem the organizing layer is situated between the libro-vascular bundles 
and the lower or outer epideimis. 

Great differences Hjsiilt from the different degrees of development of the 
spongy pirtion, as may bo seen by comptwing the leaf of the Lilac with 
tliat of the Aloe or Mesemhrymtfhemum &c. The degree of consolidation 
of fh<! epidermis bv the formation of thickening layers (§ (klT) is the 
principal source of diflercncc of solidity of leaves. 

686. Bubmerged Icav^ of aquatic plants have no stomata nor 
any extensive intcrci'llular system; the; epidermis is also little dcvc- 
lopt'd, and there is commonly a total absence of flbro-vascular veins; 
hence tho delicate and perishable character of these organs. 

687. The Iciivcs and other appendicular organs are os{)ccially*the 
stMit of the glandular and analogous epidermal structures (§ 636). 

688. Tlic potiolcs usually consist of a mass of pai’cnchyma, sur¬ 
rounded by epidermis end traversed by fibro-vasoular bundles 
arranged in a moi-c or less semicircular manner. When cylindrical 
the bundles form a complete circle, and tho stmeture is then un- 
distinguishablc from that of a young branch, on which account the 
ordinary leaf has been regarded as a branch the upper portion of 
whose vascular tissues are suppiesscd or depauperated. 

The fall of the loaf is efibeted hy%e gradual formation of a layer of 
thin-walled cells across the pitiole, at right angles to the direction cX the 
other tissues, and which thus ultimately separate the inert loaf from the 
living stem os by a knife-blade. 

StriKiiire of ihe Floral Organs. 

689. Bracts, sepals, petals, &c. are oi^nizod on tho same plan as 
leaves, their epidermis frequently presenting raised conical cells and 
having stomata. Tho tissues of thescT organs are more delicate, the 
flbro-vascular structures being almost oxclusivoly formed of spiral 
vessels. The parenchyma of petals contains fluid col oaring -matters 
(§ 609) instead of cliiordpSYll. 

In the parenchyma of the floral organs of cdlonred structures, the cells 
are filled with fluid colouring-matters of various tints, ihe depth of colour 
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depending on the greater or smaller number of. layers of Colour-cells 
beneath the epidermis, the tints differing accordingly al cells containing 
colouring-matter of different hues overlie one another. 

690. Stamens and pistils are composed of rather rce|nlar paren ¬ 
chyma with a doli^te opidermisT^nd fibro-vascolar nbs more or 
less devefoped in difrerent cases. • 

The structure of the anther is somewhat complex, varying not only in 
diffjrent plants hut also in different stages of growth. At first consisting 
of cells or about the same size and form, it subsequently presents a central 
moss ^voted to the formation of the pollen (see under 1’hysiology of 
Iteproauctive Oigans). This ccntnil mass is overlain by throe layers of 
cells: first in order going from within outwards is the eiulothecium, con¬ 
stituted by a single layer of delicate cells of a diilcreut size Ima shape 
from the rest, and usually disappearing as the pollen-grains are matured. 
These cells apparently contain nitrogenous contents, supposed to be 
applied to the nutrition of the pollen-wslls during their growth. This 
layer is persistent in the case of anthers opening -by poi'es. Succeeding 
the endothecimn are one or more layers of )>ennanent cells, spnie of 
which contain spiral fibres. Thes(> celto constitute th e tnesolJufciiim. The 
fibrous cells vary in number and situation in different plants, and are 
sometimes entirely absent, as in the cose of anthers opening by pores; 
hence they are supposed to act hygrometrically - in the dehiscence of 
valvular anthers. The third layer of the anthers is of an epidermal 
character and is called the exotliecium . The connective has the general 
structure of the filament; sometimes,' as in some Inlies, it contains fibrous' 
cells. Each cell of the anther is partly subdivided by cellular projections 
firom the connective; to these processes M. Ohatin gives the name of 
vlucifrUoidi. being of opinion that they contribu^ to the nourishment of 
the pollen. 

The pistils and fniits have, for the most part, the general etractnre of 
loaves. Some of thoir fibro-vasciilar bundles run along the placentas and 
give off spiral vessels tkmngh the funiculus (§ 234) to terminate at the 
choloza (S 236) of the ovule. 

The style has usually in the cei^ a quantity of loosely packed, cylin¬ 
drical, elongated cells, constituting the aniductinn tissue for the jpmlen- 
tubes. The stigin'atic cells are devoid dif epidermal covering, and hence 
present the form of partly detached prominences or papillae. 

The coats of the ovule, as well as the nndeus, are usually wholly 
cellular; occasionally, however, the vascular tissue, instead of ceasing at 
the chfdnza, is prolonged upwards into the coats and into the nucleus. 
Great changtM take place in the nature and arrangement of the cells as 
the ovules ripen into the seeds. The disposition of the cells of the outer 
investment or seeds is often very heautiful and characteristic. 

In the ripening of the fruit the organizing tissues, which carry on the 
growth of me organ, are situated between the inner epidermal laye^ and 
the fihHHS^ular zone, as in the case of leaves. Moroover the fibro- 
vasculaijt&^dles are amngpd, os in the leaf-blade, with reference to'a 
sui&ce, MH^ot in a cyfindncal disposition os iu stem-organs. 

69t ffBie anatomy oPthe thalamiM or rooeptaole correBPoflas with 
that stem. Hollow receptacles, u&e mbse of the iiose or of 
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iho Apple, ia .which the carpels are enclosed or imbedded, have 
ossenti^y a stem-structure, their carabium-layor being placed 
"between the fibro-vaseular zone an^ the outer eindermis. 

' Anatomical investigations show that inferior ovaries (§ lt>8) are really 
' cases of adhesion of the imbedded carpels to the expanded upper ex¬ 
tremity of the thalamus. 


CHAPTER II. 

GROWTH AND DEVELOPMENT OF ORGANS. 

. .Development of Cdls. 

69^. The cells originate in the interior of preexisting cells; but 
the phonomouon does not depend upon the cell-membrane; it is 
altogether a result of c hsin ges taking place in the ce ll -contents. 

In the majority of cases cells are perfected within the cavity of the 
parent cell; but in the zoospor(!3 of the Algtc wo have an example of t])c 
iidly developed, newly individualized primordial utricle, with its con¬ 
tents, escaping from the parent cell in a naked condition, and forming its 
cell-membrane snbseq^uently. Mirbel afibiued that cells were not in all 
^ iis es formed within other cells ; anTmieht oSsorvatlohV tend strongly to 
confirm this opinion. 

693. Development of cells in plants takes place in all cases in 
essentially the same way; but the form of tho result is subject to a 
number of important modifications. 

Tho modifications may be classed under two principal heads, in 
each of which class wo moot with various subordinate varieties. 
These two modes of cell-dovolopmfint are:—li Ce? ? -dtvtg^oH. whei:? 
two or- more new cells accurately fill the cavityl^ffio parent "cell 
and adhere firmly to its membrane, giving the appearance as though 
tho original cell had been simjily divided into compartments; and 
2. Free-cdl formation, in which the whole or part of tho ceU- 
contfSntS t'efebiho dcfached from tho cell-wall and resolved into one 
or more now cells, which have no adhesion to tho membrane of the 
parent cell, and ultimately escape from it. 

Cell-divisio n is the process univ^al in' the formation of the' colls 
by whieb vegetaWe SOT'wdli is cltecteA ; Free-cell forrm^on occurs 
^y in the profiu^on of ceUs connecteS vnth re^ oduction. 

It will render the comprehension of the phenomena easier, to describe 
oell-foqpition first, although, from the statem%nt just mode, it is evident 
.that fim-cell fonnation is the primary phenomen<Mitin the life of every 
plant that originates fiwm a seed or sp^re. 
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pell-division takes piece in all growinof parts of plants, 1 ) 111 ' iii tEe* 
higher classes these regions arc only necesMble by Sssection; in tho lorra^ 
and especially aquatic plants, wo are able to observe the process of cell- 
division in living organisms in all its details; and it is in these that the 
phenomena are most satisfactorily studied. 

Cell-division can only take place in a cell which retains its 
protoplasm in an active state. YHien tho parent cell is about to 
produce two (or tour, or ratxjly more) new cells, the primordial 
utricle or protoplasm separates from the cell-wall at the line 
bounding the plane of dinsion, and advances inwards in the form 
of a narrow fold, nnlil the portions of the fold coming from the 
diflferent sides of tho cell coalesce, and the protopltism is ro.solvcd 
into two (or more) closed utricles, together completely occupying the 
place of the original utricle. While the protoplasm is folding inward. 


Fig. 5.13. 



Section of outer lAyeni of the rind of Oerowi ptruniamJi soaked in aloohol: Ct cortical 
oelle with oontradim iwotoplaemt eomo with newly formed septa (e); b, cork ceils newly 
forined hydivUion in the outer cortioal oells; e, epidermal cells; dyoutidhi. Hagn. 
SOOdiam. ^ ", 

it deposit «t the same time successive layers of cellulose all over 
its surface; and these form thickening l a mintc on the wall of tho. 
parent which they adhere), continued into a double septum 

separating the cavities of tho two new cells, formed by the infolded 
portioiiB of the protoplsfan (fig, 538). takes place not only in 
.the v^tative cells but alra in the odlen. At other times the 
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ncTV ^viding eell-vall is formed gradnallv, after the sndden division 
of tho protoplasm into two portions. 

This phenomenon may be traced very clearly in all its tninntiffi in large 
species of Confervero ( Cladmhtra, fig. 5.H4); and so far as vre may judge 
fix>m observations, extended from similar eases, through the accessible 
structures (nascent leaves, prothallia, &c.) of Mosses, Ferns, &e., up b) 
what we can detect in sections of the tissues of the Pnanerognmia, it is 
the universal mode of subdivision of cells. 


Fig. HU. 



Coll-iliviEiioti in C^ndophora phaiftata. A. Part of a fllamrnt in anAtnml oondition: o,ccll' 
mpnibraiie; e« primordtiil utriolo or protoplaiun; x, fiitnatton whore diTtmon ib about to 
take ))lacr. & C. Binges of tho formation of a septum at x, th(‘ iilament haring liecn 
treatedwiUiHlixiho]: o.wall ofthopaiHmtiN*!!; 6,waliB oftha newceUa; e, protop}a«im. 
J), flejitnm of old filament trmted with dilute Bolphurin acid, to swell up and separate 
the Inminie of the eell-wall and contract the protf^daam;, a, w:dl of parent ocU; A* 
wall of daughter oella ; e, protoiilasm. Mngn. SUO disnu. ^ 

695. Tho principal v.-irictics wliioh this process exhibits depend 
on tho character of the tissue to which the dividing cell belongs. 
In filamentous Confervoids this division takes place in most cases 
liotk in tlio end cell of a iilament (apical growth) and in cells form- 
bg links fhrthor down (intercalary growth); in each case the parent 
cell elongates more or less beyond the ordinary measure before di¬ 
viding, and the new cells each grow nntil they equal tho adult 
length of tho parent. In the branched Gladovhorm (fig. 466, b) 
•fee. the parent cell sends out a lateral arm, which is at first a pouch 
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with its cavity continuous with that of the parent; and this is sub- 
wquently shut oif by a lateral septum formed in the manner above 
described. The ktMioitporei of the Agarics 4c., and the spores of 
PenieiUium, Botrylu, and the allied forms of Fungi, are produced in 
the same way, as also are the eonidia of the “ Yeast-fungus,” the new 
cells emojging like bubbles blown out from the wall of the parent 
ccU, and becoming subsequently shut off by a similar process. In 
the Phanerogamia, the colls of the growing points, as of the apex 
of bu^ and roots, of the cambium-layer of ^c stem, &c., multiply 
while very minute, so that it is not so easy to trace the changes; 
but cell-dhision may be readily observed in the eindennal hairs of 
the highest plants, and the protoplasm is observed to bo equally 
effident os the agent of multiplication in these. The direction in 
which the division takes place is usually horizontal, sometimes 
oblique, rarely if ever strictly vertical. It will readily be surmised 
that the form of the organs and the mode in which they ramify may 
depend materially on the form of the terminal'or apical cells, and on 
the direction in which they divide. 

The production of complete cells within cells, the septa dividing the 
new diambers facing contmuous with new lamina; deposited on the old 
wall, of the parent cells, may not only be observed directly in Cladophora 
(fig. 534, n), but is beautifully proved by allowing filaments of Sjnrogyra 
ti> decay in water; but these break up into lengths of eight, four, and two 
cells, and at last into single short cells, by the solution of the membranes 
from writhout inwards. 

The softening and swelling up of these parent membranes doubtless 
give rise to the semigelatinnus ccat of many of the lower Algie, espe¬ 
cially the Nogtodiiaeee and Palm^ete. In the cells of the parenchymatous 
tissues of the higher plants, their parent membranes are mostly lost sight 
of by being expanded to extreme tenuity, since the cells here usually in¬ 
crease very much in size after their first formation. In woody tissues, 
formed from cambium-cells, they are mostly so thin as to be almost im¬ 
perceptible; hut it appears as tiiough in some instances they became 
transtonued into a kind uf cement gluing the cells together, but capable 
of being dissolved by nitric acid so as to set the wood-cells free. 

696. Cell-division occurs as a forerunner of free-cdl formation in 
many cases, when~ atiBsu^s about to give Krth fo a great nnmhCT 
^mje cells; aTi^the formanon onhc pllen-grains in anthersi atiA 
tHe ^OTeB*in the sporanges of the higher Cr^togamia, where the 
structure is in the first instance develop^ into a quantity of chambers 
by cell-division, each of the compartments then producing a free cell. 

This must he home in mind presently, when we come to speak of the 
modifications of free-cell formation. 

697. The essential character offree-edl formation lies in the cir¬ 
cumstance that the protoidasm which prrances the primary cel¬ 
lulose wbS of the new cell previously becomes separa^ from the 
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wall of the parent cell, so that the new cell is free (or loose) in the 
cavity of the parent. 

The modifications of free-cell formation are numerous. 

698. The simplest case is where the protoplasm, enclosing the 
whole contents of the parent cell, separate all over from the wall 
of the parent cell, and, while thus free, produces a ccHulosc membrane 
oyer its whole surface, which constitute the wall of a new cell. 

This takoH pla ce in the formati on of the parent ce lls of j&o pollen, in 
the ceils o? the parencfiymald'urSssues of the cen&al refpon’of the 
and sometimes, but not always, in the formation of the pollen-giains. It 
appears to occur also in the formation of th e pa rent cells of the spores ^ 
Mosses, IlepaticiH , Fi'niSj kc. It is more readily oWrved, accompanied 
however, by speciu phenomena previously taking place in the “ conteiils,’’ 
in the foruiation of the resting-sporos of the Confervoid Algae. In (Edo- 
Homvm the whole contents of the parent cell of the spore b^ome isolated, 
and, secreting a new coat, form a free cell, which escapes by the dehiseenne 
of the panuit cell. The insting-spore of S^iirogyra is formed in a similar 
manner, but around the blendoil (intents of the two conjugated cells (fig. 
405, .‘V) ; the sporanges of Desmidioceaa mu farmed in a similar manner. 

The real character of the phenomena presented here is well illus¬ 
trated by comparing the formation of the resting-spore of (Edo- 
(fonnim with the propagation of the same plant by zoospores (fig. 535). 
In the latter, tlie whole contents of a parent cell escape into Jlie 
water (h, c) and assume a globular form, bounded simply by the 
primordial utricle or denser portion of the protoplasm (e), and it is 
only after a time that” the cellulose membrane constituting the coat 
of the new ccD is produced on the surface (/). 

Fig. 535. 
a c 



DeTplopment of xoospore in OSdogonium: a, parent filament; A, a joint breaJcing acroBS to 
emit ita contontBi a more aavanoed itnee (the globular main of content! (nascxint soo- 
M)ore) Btill trithin a cellaloae pelliole); a, empfy pBreot*c<*ll: e, the soospore eaoap^ 
from it, with its crown of dlia formed; the aooapore, after it bae Bcttlcd uown, beoiAe 
encyi^ by a oellnlose coat, and began to grow into a new filament Magn. 200 dhuu. 
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699. A case dosely analogous to tliis is whore i/ie whole emtents of 
file pttront cell become parted into four or more portions, collectively 
filling the parent cell, but free from it, so that when they secrete 
their membranes they become so many free colls, which escape by 
the bursting or solution of the parent coll. 

This case oceuri* frenuentlv. with the production of four cells, in the 


development o 





in me l omw _ 

Spor es' of~Clait^Wwa 
3cS?>/(i, with the formation of the new cell- 
membrane after their escape from the cavity 
of the parent; and what is observed in these 
cases leads to the conclusion that a similar 
mode of development, going on to the com¬ 
pletion of the cells within the parent, occurs 
m the formation of the parent cells of the 
mermatozoids or antheridia of the higher 
Cryptogamia, where a great number of minnto 
free cells are developed, and arts found free in 
the cavilv of a large parent cell. The foimia- 
tion of the now fronds of HydroiUtiym is a 
remarkable case of the resolution of the whole 
contents of a coll into a vast number of free 
cells, which acquire their cellulose coats and 
cohem into a new network within the parent 
cell. 

700. In the forma&on of the gcnninal 
vesicles in the embryo-sac of the Phanoro- 
gamia, and probably in the cell correspond¬ 
ing to the embryo-sac in the orchegonia of 
the higher Cryptogamia, a portion only of 
the protopkumiosvhstanee of the parent cell 
takes ptrt, becoming isolated in the form of 
one or more (usu^y three in Phanero- 
gamia) globules (fig. 536, A), one (to; somch 
tinfes two) of which acquires, a t^^Snlose 









DttTelonmeDt of the «mbryuiiai 
venicle of Sanim/wm aihum. 
A. The nppn end of the cm* 
bryo-iao, with the ombi^naJ 
ooirmscdea (e e) jvi dc*void of 
oell-iaembnuiei. B. Theasme 
Iftter, with the poUun-tube (p t) 
adherent: the embryonid Veli¬ 
ev (ee) haa aoquirra a oellu* 
lose coat* Uagn. 400 diam. 
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membrane, and forma the first cell of the embryo, or its snspensor 
(fig. 536, B). The now cell is here often very much smaller than 
the parent cell, and this case thus offers the clearest and most striking 
instance of free-cell formation. 

In the embryo-sne of many of the Phanerogamia we observe, subso- 
quently to impregnation, a process of free-cell formation of a peculiar kind, 
mo pr^oplasm of the embryo-sac breaking up by degrees into numerous 
corpuscles, which successively form cellulose coats, and apply themselves 
to the wall of the embryo-sac, imtil the layers meet in tne centre, and 
the whole sac is filled up’with a parenchymatous tissue, the cells of which 
(endonpeiin-celli)) are at first very loosely coherent. Perhaps the parent 
cells of the spermatnsoids are lormed m this way, in the cells of the 
onthoridia of tne higher Ciyptogamia. 

The fonuatiou of tlio active zoospore of Vauc/ieria is really a result of 
the isolation and individualizatinn of a portim of the contents of the 
parmit cell, since here the whole plant is one gigantic cell; but this 
case is quite different from the developments included in tho preceding 
paragraph. 

701. It is still a question what influence, if any, the cell-nncleus 
cxerckcs over ceU-formation ; all that is certain is. that it exists in the 
maionty of young cells, and that in many cases it divides {Spiro- 
(j-yra, hairs of Trudemmiia), or disappears, and gives place to two (or 
more) new ones, just before or during the division of tho primortiial 
utrido to form the contents of two (or more) new cells. The real 
connexion of the nudeus with the life of the cdl remains altogether 
obscure. 

The original statements of Schleiden regarding the formation of new 
cells upon or around a nucleus were incorrect; the nucleqs always lies 
under the primordial qjtride, on which depend tho structural conditions 
of cell-formatiou, and never in contact with tho cell-membrane. But it 
is quite possible, and even probable, that the nudeus may have great 
physiological importance in ceU-devdopment, and may constitute the 
focus, os it were, of the phymological forces of me cdl. 

Development of vessels, epidermis, stomata, ^e. 

702. Tho different forms of vascular tissue, induding the laticiferous 
vessels, originate from cells. The m<«t usua^ourso is for a number 
of more or less oblong cells to range themselves end to end in longi¬ 
tudinal scries; after a time tho partitions between the cells are 
broken down or reabsorbed, and a continuous tube results. 

The immediate inducing cause and the predse TTinnner in which 
th^artitions are absorbed are not known. 

~ Ino epidermal colls are in the first instance usually smaller than 
the other parenchymatous cells, and more dosdy packed together. 
They are at first spherical or nearly so, ^ut shortly assume the 
usual flattened character. The epidennis is at flrst destitute of 
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reans are gradually, develonod. in the 


__ n of the cells the nucleus, previodwy 

in contact \nth the cell-wall, becomes detached from it and sub¬ 
divides into two nucleoli; the parent cell-wall then forms a septum 
between them; and thus two cells are formed, at first in apposition, 
but which subsequently separate and leave an opening (the gtoma) 
between them. At the time that this is going on, wide inter¬ 
cellular spaces are formed, into which the stomata open. 

Devdopment of the Stem 4'c. 

703. The general course of development in the stem has been already 
alluded to in the case of the acrogenous, endc^enous, and exogen¬ 
ous types respectively. Growth in length is effected through the 
agency of the (/rowing points, which, when surrounded bv lc^-sciues 




These buds, in the first instances, are little conical eminences consisting 
exclusively of cellular tissue, the constituent cells of which speedily, ’•nnge 
themselves in three divisions, which may be termed the central, corticu, 
and epidermal series. Of these, the central series fonn.s the mass of the 
young bud; its cells divide at first in all directions, but subsequently in 
linear series; the epidermal ccUs divide by horizontal and parollul sub¬ 
divisions ; the calls of the intermediate cortical series, in the first instance,' 
grow more after the fimhion of the central cells. 'When leaves or branches'" 
commence to be formed, the outer cells of the central mass divide by lon¬ 
gitudinal nortitiouB, at the siunu time that the central moss itself exclianges 
Its conical for a cylindrical form, ultimately constituting the medulla nr 
pith. The form and position of these OTojnng points depend niateriallv 
on the form of the primordial cell, and on the direction (longitudinal, 
transverse, or oblique) of its partitions. 


704. The form and mode of branching of tho stem denend mate- 


nally on the positaon ah 

Imslofi by ceftsun ^pearancos well caleulatoi to produce a false, 
impression, botanists at one time attributed the formation of woqd^. 
matters in root and stem to a progressive downward action: thuSj, 
the new cells were supposed to be, formed from above downwards.,. 

’ It is not necessary to ||ato the arguments on which this theory was' 
based, as it has boon ownplotoly set aside by the researches of Trdoul 
and others, which show that the new tissues are formed at the.,®pt 
wh ere th ey are seeivapd are not focnadiiam a bove dovmwai^ . Both.. 
hSk and wood cooperate in the formation (rf new wood; alid either 
of them may. form woody or cortical tissues without the intervention 
of the other. 


There h jeason to believe that the growth of the stem of trees takes 




crease upnr place eitner in 
peiiM the new growths are 
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Dtuelopment and Growth of the Boot. 


705. The mode in which the root grows and is devdoped has been 
already treated of (§§ 680-682); but a few words may here be said 
as to the formation of adTontitious roots. 

These formations usually, but not universally, occur in places where the 
atiaosphere is warm, stagnant, and loaded with moisture. If a ring- 
shaped piece of bark be taken horn the stem, roots are formed from above 
the wound, but not from below—a drcumstanco suppesed to be due to 
the accumulation of organisahle matter above the wound; but W others 
it is considered to bo owing to the absence of oxygen. Portions ofwiilow- 
stums decorticated as above described and grown in water will produce 
roots below the incision if exposed to the light, and none above the 
watery and by covering the glass with black paper, and thus preventing 
the access of light, M. liiihm has succeeded in reversing the phenomenon. 
The portions ot the stem in the water have been found by experiment 
to give out oxygen under the iuftueuce of light. 


706. The downward direction of growth of the roots, as contrasted 
with llie generally upward growth of the atom and its subdivisions, is 
one of the most romaskablo phenomona of plant-life. In the ease of 
the root, (me principal reason for the downward growth is the greater 
amount of moistnro reedEfid-feom^ that side. I’he root erows by 

[s 



0 the varying degrees 
OT tedsion manifested by the tissues in the different regions of the 
stem and of the root respectively, pith, rind, &c., such tension being 
directly dependent on the activity of the nutritive processes in the 
growing tissues. The combined action of the causes just mentioned 
is mpposed to account for the varying direction and curvature of the 
organs of plants; but this explanation does not appear to be wholly 
satisfkctory. 
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Devdopment and Growth of Ltaf-wgata. 


707. The leaves (and all their metamorphosed forms, such as the 

"ute anex of 


the stem, by oell-diviaion of the terminal cells—which results in the 
de^ectoi to one side of a small group of cells forming a conical pwUlaj, 
or the formation of an annular collar (sheathing leaves), which 
velopes into an independent lateral organ. Those leaves airways arise 
one afte r aiwthec . in order regulated by the laws of Phyllotaxy 
601. ”^rhe nanillseJtom which leaves oriirinate aro at first wholly 


cellular ; after a time elongated cells are mnned m the centre; and 
these arc followed by spird vessels formed in a direction from the 
base upwards.- 

As a mlc. the first part of the leaf formed is its point, which is 


evelopmen 


and ieat ; out interstitial multiplication also occurs in different parts 
of the leaf (especially in stalked leaves). ■ » 

The pushing-out of the leaf by development at ift base may be well 
observed in the leaves of llyacintb-bulbs developed in early spring. Not 
only are the tissues (epidennis, &c.) younger bfelow, but the relative 
growth of tlie ports may be demonstrated by making a series of marks at 
eqpial distances up the leaf and watching the proportionate extent to which 
they become separated. The same pi-ocess gives very' instructive results 
when applied to the measurement of the growth of the roots of the same 
plants, and is easily carried out with bulbs grown in glasses of water. 

708. The basilar o iJbasipetal mode of leaf-fomation above described 
is that which is most frequent; but in some instances the apex of the 
leaf, instead of earlv losing its power of growth, contmues to grow 





_ _______ ® others 

subsequently, according to the baraluMl plan. The lobes or notches of 
simple leaves are in like manner formed in oneHar.the other of the methods 
just alluded to. The stipules are often developed before the leOf-blade; 
when otherwise, they are probably lateral developments from the petiole 
rather than separate organa. 

Sometimes the two modes of leaf-formation above described coexist in 
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depen^ on the period at whi^ihcjy are develpped ! thus, if two or 
more leal-oirganB be develo^il ax the same iime wa in eqnel degree, 
a whorl is proddced; if the developmen.t be successive, not simulta¬ 
neous as in the preceding instance, the organs arc then arranged 
dtemately or spirally. 

The development of the seyeral parts of the flower takes plaw) 
after the same f^hion as that just mentioned in tbe case of leaf- 
organs in general. « ~ ■ 

The causes producing irregularity and deviations from the typical 
floral symmetry have been already alluded to (§ 147 et seqq.). It 
should bo remembered, however, that these irn^^tiArities are often 
congenital, i. e. exist from the very beginning; in other cases the 
symmetry is perfect at first, but becomes subsequently changed. 

Usually the floral tubercles representing the origin of the several 
organs originate separately; but sometimcB a cellular ring-liko pro¬ 
jection is first emitted &om the stem, and from this sheath-like 
structure are' evolved the floral organs. 

Compound stamens (§ 199) or phalanges of stamens originate as 
simple tuberdos, from the sides of which originate the secondary 
Btaminol tubercles from above downwards, as in Mallows, the whole 
course of development here precisely resembling what takes place 
in the compotmd loaves of some Passion-flowers or of the Hose. 

The ovule arises from the placenta as a cellular papilla, the nucleus 
(fig. 537, a). Around the base of this is formed a cellular ring. 

Kg. 637. 

a b e d 

^ Cf fk^ 

Development ovule: a, primary nnoleiu, invested at 6 tb^nmtne, ud thi» by the 
eeoandine (o); d the ovu^ has booomc ona^pons. 

which gradually lengthens from the base upward into a tubnlai 
sheath or coat of the ovule (6). The succeeding coats, which vary in 
number in different plants, arc ^pnned in like manner, are wholly 
cellular, and leave at the apex a small hole, the mwropyle (§ 236). 
During the growth of the coats 'of the ovule a change m diction 
usually ooeurs, so that Ihe ovule bdeomes inverted (§ 238). The 
structure and mode of development of the pollen and of the ovules 
will be further alluded to under the Head of the Physiology of the 
Beprodnetive Organs. 

From what has been said on the moiphdogy, structure, and mode of 
development of the several organs, it will be seen that all the organs <rf 
flowenng-plantB may be leduew to two types— ^ tltat of the axls^ md. thdi 
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of the 1^; and, indeed, it is not possible in all cases to distingxiish^- 
tween stem-organ and leaf-oi^an. The distinguishinfr charaCtST Iml-Uablu 
to exception consists in the circumstance that a bud may be and is con* 
latently formed at the apex of a stem, while it is never dereloped from the 
'apex of the leaf-organ. Another distinction consists in the relative posi- 
ton of the cambium layer (§ 686). Two opposite modes of growth, the 
definite and the indefinite, occur in stem-organ and in leaf-orgwj and to 
hne or the other of them may be referred all the variations in form and 
mode of development. 


CHAPTER HI. 

GENERAL CONSIDERATIONS ON THE PHYSIOLOGY OF 

plants. 

710. What are termed physiological phenomena are manifesta¬ 
tions of a peculiar force or forces, the presence of which in any body 
marks the existence of what is called life or vitality. 

The vital force appears to present certain modifications. In plants 
there exists only an organ/xing power ; while in a3nimalfl“"therc w 
^uperadded to this wiiat Is callea n^orn hree, coimcctcd with the 
presence of a self-determining and, in the higher classes of 
animalB, with a far greater subordination and mutual dependence of 
the organs than occurs in plants. 

This statement is s^ewhat general, applying only to the two King - 
do^, Vegetable and ^ Animal, as wiioles ; for tliere exist animals of simme 
nrgamzanon exhibiting no mbie deSnite traces of the existence of a 
nervous force than we find in certain plants, or structures of plants. For 
example, it is scarcely possible to point out any important physiologiciil 
difference between tne zoospores of the Confervoids and the Protozoa 
such as Amceha and^allied forms. 

711. yie orgonSafiq or vital ferce of plants is especi^y distin- 
gnithed terom tMt of Mimals by its rejations to the chenn^ far^ 
regulating the Ranges of inoiyanic or mineral ma^r. Plants are 
nourishea directly on mineral to<^ raimalscBn only assimilate sub¬ 
stances which have entered int^pecial combinations in the or¬ 
ganisms of plants, and assumed the condition of what are called 
organic compounds. 

Someplants live entirely on organic substances, as we see in the cases 
of parasites; and the power probably exists in plants generally to a certain 
extent. In the remarkable class of Funp, almost all the kinds live upon 
dead or living organic matter. But the power of assimilating inwganic 
foodjS-Canfixwd to idante. and a th^ aamst remarfcable gowlwpe ctaraS 
Bj fWlfe te ani^^ " 

f^An^ier important ^KMinction uetwesD plants and animals, as entire 
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kingdoms, liae in the.difEbrent dispogition of their oi gam. In plants, 
these are all produced externally: roots tor absorpibsiti, isaVes for respi- ■ 
ration, &c., togetbcr with the reproductive organs, are ail external. ^ 
animals the organs of Tentative ” life, f. e. of absorption, digestion, 
respiratipn, &c., are enclosed in the interior of the bod^, more and more 
completdy in proportion to the complexity of the organization, the organs 
of motion and sense being thus brought out prominently externally.- 
Animals feed by taking soud food into an internal cavity (stomach ftc.) 
lined by absorbing structures; plants feed by sending their roots into the 
uouriahing>matter and absorbing it, in a liquid or gaseous state, by their 
surface. 

The proposed chemical distinctions between animals and nlante must 
bo taken with liimtation . Tiie cellulose structures or hard parts of plants 
have ft peculiar ternary composition of carbon, oxygen, and hydrogen; but 
the protoplasmic matters contain nitrogen, and resemble animal matter. 

Cellulose occurs in the structure of some animals (Tnnicata) ; the green 
colouring-substance of Hydra viridir is iftidistinguishable from chloroMv 11; 
and substances resembling starch in chemical properties are found £cre 
and there in animal bodies. 


71SJ. A very considorablo part of the changes which accompany 
the process of organization arc the results of the action of physicid 
and chemical forces, capable of beingcxploinod up to a certain point 
-by the known laws of those forces. But in every case, after referring 
all the chemical and phYsical pheno^na to their reswctive p laced 
fliere remajns a rcsimal phenomenon to be aoconnt^^r^ ~wni^L^ 
precisely the most important; oi' all, namely :■ —thutin^vmg organic 
structures (which are always recognizable by a definite form, struc¬ 
ture, and composition) the laws of inorganic matter are, to all appear¬ 
ance, subdued under a higher influence, and caused to undergo modi¬ 
fications never occurring except in the presence of living matter; 
and the peculiar compounds of matter thus produced are not only 
made to assume forms, according to definite laws, totally unlike any 
forms of mineral substance, but constitute bodies manifesting a con¬ 
tinued interchange of material with the surrounding media, which, 
Ihstead of resulting in decomposition, as in mineral bodies, effects a 
'¥SJ)It;daction and increase of already existing matter. 


The most striking characters of nlonts, contrasted with minerals, con¬ 
sist in the forms, and in the faculty of develoj^ent and reproduction. 
As mgards form, crj'stals exhibit re^^arity, obedient to certm de&ite 
laws, and so far might bo compared with vegetable cella; some au¬ 
thors have even termed the cell a crystal formed of substance eapahle of 
imhOtiHon: . But there is an eroentid difierence even in the structure of 
crystals and cells : the crystal coMisia of a combinarion of lai^aB che- 
imcaUy homogeneous; the cell is a heterogeneous body, consisting in the 
simplest cases of a sac or excavated corpuscle oontaimng in its cavity a. 
aubstance difieiing chemically from the cell. Even in the imp«^ect tree 
piimordM utricles set free as zoospores in the Coi^ervoi^ this distinction 
iof mil and contents exists; and it is still more marked in all complete 
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vegetable cells, mce these possess a distiiict and persistent cellulose 
membrane. -» 

. l^e mode of foi^tion of the cell. toO|i is essmtiaPy 
that of a crystal. The latter is loTOeg By tne simple deposition m a soufl. 
form Of aixnnpound dissolved in the “ mother-liquor.” The protoplasmic 
substance of plants (§ 597) can only be formed by protoplasm already 
existing, telectiruj and (mimilatituf substances present in the surrounding 
medium, converting them into new compounds; while the cell-membrane 
itself, which is the part usually compared to the crystal, is likewise jtro- 
duced as a neie chemical compomui by the protoplasm, which secretes it in 
layers, unlike the protoplasm both iu form, composition, and physical 
condition. When the true nature of the molecular constitution of the 
cell-wall and of the protoplasm is ascertained, it is probable that the 
statement in this paragraph wiU require considerable moditication. 

713. Organic structures are produced through the agency of Ipco 
stmeturaa proYipuslv existing ^l^'^ JiBsues increaso by multiplication 
of the cells of wkich they arecomposed; cells arc multiplied by the 
resolution of existing (parent) colls into a - more or less numerous 
progeny of cells. Individual plante arc multiplied by the sepriratiou 
of a portion of the substance of the parent plant endowed with a 
power of subsisting and developing itself independently. 

The origin of organic beings from germs,». e, more or less complex 
fragments detached from a parent plant or animal, endowed with a vital 
energy enabling them to reconstruct the entire organism, may be regarded 
as an undoubted fact, and it forms one of the most important of the dider- 
ences between inorganic and organic bodies. As long as sulphur, oxygen, 
and hydrogen exist upon the earth, it will be possible for man to produce 
sulphuric acid; and if, in addition to these, ho have sodium, he may 
cause the production of crystals of sulphate of soda at will. But although 
chemical analysis tells us that the mycelium of afungus, such as “ Yeast ” 
or the “ Vinegar-plant,” consists of oxygen, hydrogen, carbon, and nitro¬ 
gen, with small proportions of some omer elements, by no means known 
or likely to be c^overed can we cause the reproduction of these forms 
of vegetation, except by having recourse to the germs of the plants, and 
setting them to worn to reproduce themselves. This has been provra 
numerous careful experiments, and the idea of a spmtaiiemu getteration ot 
organic bodies is now exploded. The origin of each species of plant or 
animal must be regarded as the result of a distinct act of creation. 'When, 
through unfavourable circumstances, all the individualB and all the germs 
of a species ore destroyed, that species disappears from the globe*. 

714. T^e organizaiioii of tdante is related by a scrieB of laws 

which exhibit oiftbrent degrees of ^herouty. ' — 

Since the publioation of the first edition of this work renewed interest has 
been given to mis queetian owing to the controversy between M. Pasteur and M. 
Fouohet and their respective adherents. The fisoU and arguments adduced by 
M. Foubhet go far in support ef the doctrine (d “ heterogeny,” and at any rate 
show that the above atatement is too sweeping in ite charaoter. The stpdent will 
do well to oonsider it tc^ a large extent an open question, and to remember 
that, viiicibever view may nltimatelybe adouted, the miraele remains the same. 
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(le^ Cryptogamia); and then come into play the laws of the phyeio- 
logii^ and morpho^rical types of combination of organs, which are most 
xsomplicated in the Flowering Plants, in the development of which, how¬ 
ever, from the original germ, or embryonal vesicle, we may trace, in a 
paduated series, the commencement of the operation of the successively 
less general laws of oiganization. 

7^. Not only do diJierent plants display great diversities in 
structure and composition, but each* in^vidud plant offers more or 
less diverse characters at different imods of fife. ' 


Plants commence their independent individual life in the form of 
a cell or a group of cells separated from a parent organism. In the 
lower plants such cells, once fully developed, as spores or gonidia, 
are capable, under suitable circumstances, of growing tip into eompleto 
plants. In the higher Classes these cells (embryonnl vesicles, or the 
primarg cells of a leaf-hud) go through the earlier stuges of develop¬ 
ment connect^ with the parent organism, and are detached (as seeds 
or as btdbils, &c.) already provided with rudimentary organs of 
vegetation. 

724. In those cases where the detached bodies aro products of 
simple vegetative cell-division, they often ijroeeed at once to grow 
up into new plants (gonidia, zoospores), but more frequently their 
vitality remains latent for a certain definite period (hidJ>ils, spores of 
Mosses, Ferns, &c.); and when the body is a result of sexual repro¬ 
duction, it almost always remains for a more or less indefinite period 
(capable of being shortened or prolonged within certain limits by 
external causes) in a state of rest (seeds, resting-spores of Algce, &o.), 
and then undergoes peculiar internal changes before recommencing 
development (germination) in order to grow up into a new plant. 


Seeds and resting-spores (and to a less extent the lesting-oigRns pro¬ 
duced in vegetative propagation, as hvJbs, tiAers, &c.) are organized in a 
manner espedally adapted to preserve the latent vitelity from injury hy 
external inlluences. They can withstand great variation's of heat or cold, 
especially in the absence of moisture. Most seeds willbiiar a temperature 
very far below fmezingjpoint if kept diy, and many will oven bear an ex¬ 
posure to 100° or 110“ Fahr. in dry sand. Prolonged immersion in water 
at 120° kills most seeds, unless the skin is very thick and thev contain 
oU instead of starch in the endosperm (§ 209). Some seeds will bear a 
short immersion in boiling water ( Veronica ); but the seeds of Cereals, 
Beans, Linseed, and other plants scarcely survive a 16 minutes’ soaking 
in water of 110°, while they will bear 140° in steam, and 170° in dry air. 

Some seeds naturally lose their vitali^ very soon; this is the case with 
tlm seeds of Coffea, Magnolia, &c.; while other instances ore related in 
which'has lieen preserved for centuries. The cases related of the 
germh^oo of Wheat taken £eom Egyptian Mummies are perhaps doiiht- 
nilm vrell-authenticated instances exist of long preservation. 

Ae-restmg-spores of Confervoids (iVofoopocui) have been revived after 
MBMming for years in herbaria ; and it is in curious relation to their 
gtotrth in shallow pools, often dry in summer, that the resting-spores of 
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these plants appear to require to he dried before they will rarmuiate. 
Mr. Mimby has recentljr recorded (I860) that he found a bulb of a species 
of Nareisim sprouting in his herbarium after it bod been gathered (in 
Algeria) upwards of twenty-two years. This bulb, removed into me 
greenhouse and potted, has since produced flowers. 

725. ^nts are subject to a periodicity in their vital phenomena, 
partly dej^ndont on their own laws of growth, partly on the seasons 
in the climate where they grow+ As dependent on special laws may 
be noted the differences between annual, biennial, and perennial 
plants (properly so called), between deciduous-leaved and evergreen 
trees, &e. 

Annual p/ants are such as germinate from seed, produce their 
whole vegetable structure, flowers, fruit, and seed, and die away iu 
one season, between spring and autumn; such are the summer 
annuals of our gardens. Bimvniah sprout from seed in one season, 
and bloom, bear fruit and seecl, aud die in the second; the Turnip, 
Carrot, (Enothera biennix, &c. are examples of this. Perennial 
2 >lantii exhibit several varieties of condition. Herbaceous peretmials 
(like the Daisy, Primrose, Carden Plug, &c.) germinate in one 
season, and produce a subterraneous rhizome, of indefinite duration, 
which annually sends up a flowering shoot or shoots. Other peren¬ 
nial plants of this kind form one shoot which vegetates uninter¬ 
ruptedly for many years before it flowers (Agave amerieana, Talij^t 
Palm, &e.); and after ripening its seeds the stem dies down, leaving 
usually a number of offsets from the axils of its leaves (monocarpic 
perennials'), 

trees and shrubs, usually vegetate for several 
yo^rs beioro fiowcring, but are subject to periodic rest, throwing off 
their foliage and renewing it upon ^sh shoots of the same stem every 
season; and when they flower, the operation exhausts their accu¬ 
mulated powers of development so little that they continue to flower 
periodically (every season if in favourable condition) throughout life. 

The "habit” assumed by plants depends in some degree on external 
conditions. Thus many of our garden annuals are perennial in their 
native climates; for example, Ricitms (the Castor-oil plant), MirtMis, 
and other genera ore annual herbs with us, but perennial and even woody 
in warmer clim.ites. .\ivl some annuals may he made to vegetate for more 
than one sea.suii by reniuviug the flower-buds as they appear; in this 
way gardeners produce the so-called Tree-mignonnette. The "Winter- 
corn of agriculturists is really (tb annual plant, sown in autumn to obtain 
stronger growth, and w not specifically diflerent firom Spring-corn, sown 
in spring and reaped in autiunn. The common Cherry-tree retains its 
leaves during the whole year and becomes an evergreen in Ceylon; and 
many similar instances of changed habity the result of altered condition, 
might be cited. 

For farther particulars respecting the duration of plants, refer to the 
Morphology of Stems, §S 4&-o6. 
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726. Few perennial plants retain their appendicular oigans be¬ 
yond oertain definite periods. Ordinary deciduous, trees lose their 
leaves in autumn in our climate '; and previously to their fall their 
Cleans undergo internal changes, in which the assimilated matters 
are, for the most part, removed and their green colour altered. They 
are generally cast off by a regular fracture where theyjoiitthe stem 
(§§ 77,688); in the Oak, Beech, and other trees they (fie in autumn, 
hut do not fell away at once, often ^^aining, when not exposed to 
violent winds, until pushed off by the expansion of the stem in the 
next spring. Evergreen trees and shrubs retain their leaves green 
and living until the succeemng season, when the new leaf-buds ex¬ 
pand, as in the Cheriy-lanrcl, Auetiba, «feo.; or, as in many Coni- 
forse, they remain attached to the stem for stfreral years {Araucaria 
imbricata. Thuja, &e.). In some of these cases the so-called, leaves 
are probably foliacoous branches. The leaves of arborescent Mono¬ 
cotyledons (Palms) arc also of long duration. The parts of flowers 
and ripe fruits arc likewise cast off in most cases, although thg, fruits 
from which seeds have escaped sometimes remain long atta(died in a 
dead condition (Conifers). 

727. The axis (with its branches) is the only nermanent part of 
the plant ; and the unlimited duration of this is strictly de;jendent on 
^e devesfopment of leal-buds (§ 106 et seqq.). When a shoot ends in 
a hlossom-btid, the growth of that bran^ of the axis is arre8ted,.snd 
the prolongation of life depends cither on the axillary leaf-buds 
situated below or an adventitious bud. 

728. Thenroduction of flowOTS Md fruit is an exhausting nroc^ ; 
it has jusrbeen'notioe37§Y2BytEat"mnuaIa~may^rmaaoloTive 
several years by preventing them from flowering. The arrest of 
growth of the large and highly developed axes of roonocarpic peren¬ 
nials {Agave, Talipot Palm, dsc.) is a necessary consequence of the 
terminal bud producing blossom instead of leaves; but the formation 
of propagative offsets from the leaf-axils before death is strictly 
dependent on the degree of vigour possessed by the main axis at the 
time of flowering. 

729. The duration of herbaceous perennials majv be regarded ^ 
mdinuteS, sinM they are always pla^d in a position to form new 
aBsorBmg organs (roots) in the vicinity of their buds. The duration 
rf trees is also thTOretically unlimite d; and in many cases great ago is 
a!ttii|ned; but ordtimrily trees acquire increased vigour with age up to 
a oertain point, and tii.m bogiu to ueuUne, a cucuviistiuice attributable 
to the increasing distance to which the buds are removed from the 
roots, the obstruction to the flow of sap, the local decay of the roots 

trunk firom external ii^uri^ &c. Cuttings from old trees, if 
tucen firom sound shoot§, may be made the foundation of new trees 
as vigorous as the parents were in their earlier years. 
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Palm-trees grow to an age of 200 years or more; the Hraceeim (Dragon- 
trees) of Teneriffe have been known as old trees for centuries. Oaki, 
Limes, Cedars, Yews, &c. ore known to have lived many centuries; and 
other cases are on record of gigantic trees whose age, deduced from the 
number of rings of growth of the stems, would amount to upwards of 
.3000 yea:iy. The BmihoUetite of Brazil, the AdawmiM of Senegal, and 
the li^eUingUmia or Sequtm yigmitea of California (363 feet high and 31 
feet in diiuneter at the base) ore examples of this. 

730. In herbaceous imrennials the older parts of the plant die and 
decay in a limited period after the development of the new axes. In 
Dicotj’lodonous trees also. Bio older part, which is enclosed by the 
new' layers, and becomes consolidated into heart-wood (§ 670), must 
be regarded as dead afller a cei tain period, ceasing oven to carry Siip 
mechanically; and we see hollow trees of this Class living and grow-' 
ing, whei'o the whole of the older part has been Idst by decay, a living 
shell of wood constituting the bond of connexion between the roots 
and the growing branches of the axis. 

Tills death of the older tissue is not so common in arborescent 
Monocotyledons; but it is observed in Pandanus (fig. 9), where the 
base of the stem and the old roots decay, new (adventitious) roots 
sprouting out from the living part of the trunk, in a continual ad¬ 
vance upwards. 

The death of a plant or nart of a plant depends upon theid^th of Bie 
cells composing its tifeues . 'The diirndon of the life of individual cells is 
ve^ different, according to their position and function. Cells situated at 
growing-points (in buds, cambium-regions, tips of roots, &c.) are very 
transitory, since during active vegetation they are continually divid^ as 
parent cells, into two or more new cells, part of which ore left behind as 
jMmmmeiit neUn ,—^those situated at the periphery, or most advanced point, 
becoming in turn the piirmti celh of a new generation. The permanent 
cells become parts of parencliymatous, prosenchymatous, or vascular tis¬ 
sues in the vegetative organs, or parts ol reproductive structures in flowers 
and fruits. Thus they run through a course of life dependent in each 
ease on the laws of development of the plant, accordmg to which its 
organs have a shorter or longer duration. The deMi of the organ or Bssne 
in which they exist rosuhs from the cessaBon of tlie vilal actiihtv of the 
cells according to these laws ; and their decay, from Bie 'now unopposed 
operatioii of wmple cfiCTncaTforceg, 

731. The prindpal vital phenomena exhibited by plants are con¬ 
nected cither with the maintenance and increase of the individual 
organism, or with the production of special stmotures endowed with 
the power of growing up into now individuals when thrown off by 
the parent. 

We say the prmetml vital phenomena, because there are some which 
we cannot strictly aninn to belong to either of the above classes, although 
there can be but little doubt that they are in soipe way related: of these 
are the movements of plants like the Sensitive-plantB. the folding up of 
leaves or flowers, &o. 
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732. The prooesses of vegetation, or growth of thp indiTidual, are, 
from the peculiar organization of vegetables, connected with tho 
processes of reproduction, properly so called, by tiie phenomenon of 
midtipUeation at propagation through natur or artificial separation 
of portions at the structure which might rejuj^ and form branches 
of the parent stock. This vegetative propagation, distinct in important 
anatomical and physiological characters from sexual reproduction, is 
found in all classes of plants, and from its importance in relation to 
cultivation deserves separate consideration. 

The construction of plants from a number of like parts more or less 
physiologically independent allows of their being increased by mechanical 
subdivision of the parent “ stock,” which is eileai|d by making cuttings &c. 
The same occurs in the propagation of plants % bulbs, tubers, &c. (§ 4& 
et seqq ). Through the abstract considertition of these cases have arisen 
some curious discussions as to tho proper application of the term “ indivi¬ 
dual ” in plants. It is not worth while to enter into these nice metaphy¬ 
sical points; for practical purposes it is most convenient to reg^ as an 
individual every vegetable body possessing all tho organs neeoMary for 
life, the parts of which, however numerous and frequently repeated they 
be, are organically cohenmt and have a definite collective form: thus wc 
should regard the Oalc-ti'ce as an individual, and in like manner the colony 
of simple cells associated in the thallus of Pedutdrum (fig. 402, B, «). 


" 733. The Vegetative processes of iilants are divisible under severEd 
heads, which, however, present many points of interconnexion. 

Nutrition, properly so called, can only be said to go on in the pro- 
toplasmic matters found in the interior of cells, since it is these sub- 
stwees alone that exhibit phenomena of consumption and reparation. 
The tissues of plants are, under ordinary circumstances, never re¬ 
newed; the only changes which they undergo are stages of pro¬ 
gressive development of growth, succeeded sooner or later by 
decomposition. 

Ikvdojm^t or organization constitutes the most striking mani- 
festation of the vegetative action; but this is a final result, prepared 


from, and incessantly accompanied by, ^enomena which are re^ 
suits chiefly of the regulated action of physical and ehemioal forces. 

Tho subsidiary operations of vegetation are — abmrvtion of food, dif¬ 
fusion or transmission of fluid through the organic structure, assme- 
wtioa of absorbed mater ial, and, intimately connected with tins, the 
so-call^ mptratioH and* transpiration. Secretion is more nearly 
related to^cvcfopmsnt than to the processes jusi Enumerated. The 
relations of many of tlio soorotions of plants are very obscure. 
Stfq^ chlorophyll, fixed oils, sugar, &o. are of course (§§ 602-608) 
inl^Baately connected with the vegetative growth; but we have no 
elite to the importance, as regards the plwt, of the essential oils, 
resins, alkaloids, &c. 
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ficationa connected with the peculiar conditions of organization in 
the different Classes; and there are some important considerations 
connected with the contrasts existing between the results of this and 
of sexual reproduction. 

735. The SexualAj^odvietim of plants offers a series of pheno¬ 
mena of much interesPwhon viewed comparatively through the dif¬ 
ferent great Classes; and the phenomena of Hybridkation and the 
influence of sexual reproduction in the maintenance of specific cha¬ 
racters require espeeiid notice from the vegetable physiologist. 

As the Vegetative propagation is a process of vegetative life trenching 
on the region of reproduction, so many of the phenomena accompanying 
sexual reproduction ore^properly 'special vegetative actions induced by 
peculiar stimuli; among these are the phenomena of ripening of fruits and 
raoranges, the evolution of heat from flowers, the irrimhle movements of 
noral oigous, &c.' These and some other undassed phenomena will be 
most conveniently examined apart. In the succeeding Chapters on Phy¬ 
siology we shall examine separately:—1, the processes of Vegetation; 
2, the 'phenomena of vegetative Propagation; <% tlie physiology of sexual 
Iteproduction; and, 4, various uuclossed phenomena met with in a more 
or less limited range of coses of vegetable lite. 


CIIAPTEE IV. 

PHYSIOLOGY OF VEGETATION. 

Sect. 1. Ceix-LirE. 

Movements of tJie Protoplasm Sfe. 

736. Intimately connected with the early history of the protoplasm 
of the cell (§ 596) arc certain physiological phenomena of the con¬ 
tents of inividnal cells, which will bo most conveniently described 
here. 

■ During the time when the protoplasmic contents of young ceDs 
are becoming gradually hollowed out into spaces filled with watery 
cell-sap (§ 599), a regular ihovoment of this protoplasm takes place, 
which may be observed very readily in young hairs,of Phanerogamic 
plants (fig. 497), and which probably takes place in an early stage in aU 
other structures. TMs movement, which is erroneonsly called rotaHon 
of the cdlsay, is acirculatorv movement or tec protoplasm made per¬ 
ceptible by the miiiute opaque granules whi^ exist in the colourless 
fluid. The nucleus is e^o carried cj^wly along in this movement. 



552 


PHTSIOIOOT. 


Two oiipnw'TJt ft liftir 

of ttte staaiwn of TVar/**#- 
oantia^ with midet »nd rcU- 
o^ftt^ eurrunts <rf proto- 
plwjtm. Mag> 250 di^n. 


which,when the protoplasm has become converted into a mere network 

of cords, has the appearance of a sptom of ’ „ 

reticular currents (fig.538). This movement 

of the protoi^m ceases in most coIIb brfore 

they a^ full-groTO ; but In many aquatic ^ 

plants, ^en of the class Phanerogamia, the S 1% 

protoplasm does not become excavated in mTO 

the same way as it does in the cells of hairs 

&c., hut applies itself os a thickish layer 

upon the inside of the ccU-walls, and, 

retaining its activity, performs a rotatory Hfc. 

movement around the wall of the cell per- p ViyiHI 1«| 

mancntly. In Ohara, the moving layer of B ii 

protoplasm is not applied upon the oeU-wall: bT’m. 

the primordial utricle, with the chlorophyll- 

corpuscles imbedded in it, lies on the coll- i 

wall motionless; and a thick mucilaginous -rwoonpim-ntjointrbfaiiair 

layer, situated between this and the central •>* of 

cavity filled with wateryccU-sap, continually oniated currents of proto- 

circulatos. ““e- '■»" ‘““"■ 

The circulation in reticulated currents is most easily observed in young 
hairs of the higher plants. The movement of the parietal layer of proto¬ 
plasm is made very visible in the leaves of Vallisncria by the green chl^ 
rophyll-corpuscles imbedded in it; and it may be well aeon in Amcharis, 
in the delicate tissues of Mydrocharis, IStratiotcs, &c. It occurs in the 
rootlets and other parts, as well as in the leaves. The phenomenon is 
most strikingly shown in the Characese, especially in the NiteUee, which 
me simpler and hence more transparent forms. 

This movement is only afiected by substances that injure the h^thy 
eoudition of the stnicture, such ns chemical agents producing bursting or 
solution of the tissue, heat sufficient to cause coagulation or solution of 
contents, &c. In Ohara, the large cells may he toed across, and yet tiio 
circulation be set up again in eaim of the chambers thus formed. Elec¬ 
trical currents do not affect it. 

The movements in the protoplasm are attributed to various causes,, such 
as contraction of certain portions of it, vai^'ing degmes of imbibition in 
different portions of the mass, the alternations in this wise giving rise to 
the currents. In many cases it has been definitely proved that the move¬ 
ment of the jiiicM in which chlorophyU-gramilea are contained is directly 
dependent on the agency of light, especimly of the more highly refrangible 
rays of tho spectrum. Under the influence of diffused light the cbloro- 
phyll-gmoules range themselves parallel to the surface; but under that of 
direct light they ore disposed on tho lateral walla of the cells. 

787. Analogous to the rotation of {he protoplasm is the movemmt 
of the eiifetfgrf zoospores of the Alom. and the eSiated .somnatozoids 
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isolated from t^e coil-wall, and individualized into one ((Edogoniwm, 
fig. 535), a few {Ulva, Ulothrix, &c.), or numerous {Cladophora, 
fig. 465, c, and Phseosporem) corpusdes, which break out from the 
parent sac, and when free are seen to be provided with vibratilo cilia 
(2,4, or manj), and to swim about actively for a period of from half 
an, hour to soveral hours, then to settle down, become encysted by a 
cellulose membrane, rcassnmo the characters of ordinary vegetable 
cells, and grow up into new plants by cell-division. 

It has been observed that those zoospores with cUia at one end 
direct that extremity (which is destitute of clilorophyll) towards the 
light; and, moreover, tlie locomotion of those bodies is accompanied 
by a movement of rotation on their own axis. 

' Snormatozoidb aro filiform bodies of various forms, mostly presen ting 
one or more spiral curves, or minute globules, and usually furnished 
with vibratilo cilia. Tliey aro formed by a metamorphosis of the 
protoplasmic matter of cells developed for the purpose in the antho- 
ridia of the Cryptogamia. They aro extremely minute, but move 
very actively when they escape from their pai'out cells, oontinning to 
swim about for some time, being destined to find their way to the 
archegoninm (or to the spores in .41ga)), to perform the fertilization 
of the gorm-cdl. Many, however, never reach this, and they 
graflually dissolve away. * 

In the Volvocinoa) (fig. 402, n), the separate primordial utricles lie im¬ 
bedded in a common envelope, without a membranous cell-coat, retaining 
their vibratile cilia threfnghout life, only bocoming encysted and formed 
' into proper vegetable cells when converted into resting-spores. In the 
intimate affinity between these productions and the Protozoa, or lower 
InfiisorialfAnimalcules, we perceive the close bond which exists between 
animal and vegetable organization wbon reduced to its lowest terms. 

738. As long as a cell retains its active protopLasm. it is capable 
of pro d ucing new cells and orpranized forms of J^Mimilat^ mattefi 
flko starch and chloronlivll^ in its contents. I^his is the case, of 
course, in all nascent tissues; but it ceases to bo so at various 
periods in diflTore^t parts of the vegetable organization. In all woody 
tissues, in all pitted and spiral-fibrous cells, it disappears early, 
the secondary deposits of the ligneous character being formed ap¬ 
parently from tho watery ccll-sap. In herbaceous organs, such as 
loaves, in tho cells of the Cellular plants generaUy, in fact in all, 
the properly living structures, tho protoplasm remains. 

This explains why the power to foim adventitious buds exists not only 
in the cambium-layer of the higher plants, but; under certain conditions, 
even in the leaves (as in Bryophyllum, Gloxinia, jSx.), and why jretnma- 
Uati at propagation by little cellular bulbils, or isolated ceUs detached 
from the vegetative organs, is so common amoi}g the Cellular plants, and 
in the Mosses and Liverworts, where parenchymatous tissues so greatly 
predominate. 
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Nutrition in Cellular Plants. 

739. The elementary structoros being essentially alike throughout 
the Vegetable Kingdom, and the physiological phenomena of vege- 
tetion depending dmost entirely UTwn proeo^B taSui^jilaoo In, the 
E^^ESTeSE^iTisve^’msbFueHvoto'examinoTEo’pttCnomenaOT 
nutrition and ^owth in those simply organized plants in which wo 
are able to observe directly the changes in the living cells. 

Many cellular aquatic plants are especially adapted for these researches, 
from their simple structure, transparency, and their aquatic habit, which 
permit us to keep them in a growing condition in glow cells beneath the 
microscope. 

740. What is called tho “ Yeast-plant ” consists of a particular form 
of the vegetable steucture (myeeliutn) of a Fungus (fig. 468, A). It is 
composed of simple cells, which will go on multiplying by budding 
for an indefinite time if placed in a.liquid containing a mixture of 
saccharine ordextrinous substances, together with albuminous matters, 
at a moderately warm temperature (59®-67°F.). These cells are 
simple membranous vesicles, with their walls fbrmed of a' modifica¬ 
tion of the compound (cellulose) of which all vegetable cell-membranes 
are' formed. Within the cells exist nitrogenous matter in the con¬ 
dition of protoplasm (§ 597). The increase of the plant is dependent 
on the assimilation of substance requisite for the production of new 
coil-membranes, and of other substances to furnish new nitrogenous 
contents. When no material for forming ceUulose exists, the plant 
cannot grow; but in solution of pure sugar, lb the absence of any 
nitrogenous substance, the plant will multi^y its cells for a certain 
time, tho protoplasm of tho old ccUs being transferred into the 
new ones as they are successively evolved. But under these latter 
circumstances the cells become gradually smaller, and at length 
cease to multiply, a portion of the nitrogonotis matter being wasted 
in the reproduction until it becomes insufficient to carry on the 
growth. 

On the otiier hand, if sufficient nitrogenous matter exists, the 
fermentation goes on, accompanied by tho production of a more 
developed form of the myediwm, consisting of elongated interwoven 
filaments (the so-called Vinegar-plant^; and development of this 
continues, if not interfered with, until the liquid consists of little 
else but pure water. The final form is the so-called “ mother ” of 
vinegar^ which destroys the acetic acid. 

, 741^The succession of phenomena here exhibited is connected 
with a series of chemic^ changes whieh are probably somewhat as 
follows. The whole of tho processes aire acoompanied W evolution 
of darbonic amd (carbonic dioxide). The earlier growtBr can go aa 
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without accesB .of oxygen, as is evident from the fermentation pro¬ 
ceeding in lai^ vats with a stratum of carbonic acid several feet 
thick over the surface of the liquid; the growth in the latter stages 
takes place most freely with access of air. The original liquid con¬ 
tains grape-sugar (glucose), or dextrine, and nitrogenous matters. 
The action of the protoplasmic matter of the yeast decomposes a por¬ 
tion of this, forming ccll-membranos. The chemical action here set 
up disturbs the combination in the rest of the sugar, which loses 
carbonic acid and becomes alcohol. If the growth of the Fungus 
continues, the alcohol becomes decomposed (seemingly by cmitact- 
action again), absorbs oxygen from the atmosphere, and becomes 
acetic acid. 

It is not clear in most cases to what extent the Fungus is nourished 
on the alcohol, or on the saccharine or dext rinous matters mixed with 
the alcohol. To fonn cell-membrane Irom alcohol would require the 
absorption of a large quantity of oxygen, and the formation of much, 
acetic' acid and water. The growth of the Vinegar-plant in solution 
of sugar, then, would appear to cause simple liberation of water,- 
while the contoct-action in like manner decomposes the sugar into 
acetic acid. The “mother of vinegar” finally is developed at the 
expense of acetic acid, with separation of water. 

The processes here briefly described cannot be disregarded when 
we inquire into the mode in which plants generally take up their 
food. Not only do the Fungi aU feed in this ^ay—as, for instanw, 
the Bry-rot (Mendius), which lives on the dead substance of timber, 
or the parasites like Puednim, the Potato-fiingus, &c., which send 
their myqplium into tissues of living plants to feed upon their 
juices—but the same laws evidently regulate the nutrition of the 
colourless parasites, such as Orobamiiaoese (page 332), and the Khi- 
zanthons plants (page 360). 

742. Following out this trjiin of reasoning, we are irresistibly led 
to the conclusion that the same processes may occur in all plants 
under particular circumstances, although not absolutely necessary 
except at oertain-stages of growth. 

In germination, doubtless the decomposition of the store of starch 
&e., with evolution of carbonic add, during the recommencement of 
cell-development, is a phenomenon essentially similar to the develop¬ 
ment of the Yeast-plant. And wo cannot find any reason to suppose 
that the roots of plants, which absorb all substances indifferently, 
can refuse to take up organic matters existing in a state of solution 
in the soil. The extent to which growth may be stimulated, with¬ 
out access of light, by profuso supplies of organic food, is stdkingly 
illustrated by the many succulent vegetables cultivated for we 
table, such as Sea-kale, Celery, forced eahj Rhubarb, &c. And 
the tissuetlbf the plants thus growm have exactly that weak, sac- 
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culent character which is so striking in most leafless parasitic plants 
nnd Fungi. 

Further applications of these &cts will he dwelt on in the succeeding 
Sections. 

743. In the above remarks we have considered only cases where 
Cellular plants appear to derive the material, both for their cellulose 
stmoturcB and their protoplasm, from organic substaneei, absorbed 
as such. fair the most strildng phenomena of vegetative life are 
those in which inorprmio matters are assimilated, and the gaseous 
anJ liquid constituents of the atmosphere and soil" supply the requi¬ 
site food. 

If all plants i^uired organic food, the orpnk^ substance upon the 
globe must continually decrease, sinen, ns we have just soon, those which 
do live upon organic matter wcuAe this through decomposition by contact- 
aetion. But tho organic matter of soils upon which plants grow and 
decay in successive crops, undergoes continual increase, as we observe in 
the accumulation of vegetable-mould on undisturbed grass plains «nd in 
forests whoro the ddhris (fallen leaves, underwood, &c.) is not removed. 

744. The majority of plants feed upon water, carbonic add, and 
ammonia (and perhaps other nitrogenous compounds), with small 
quantities of various other dements, such as sulphur, phosphorus, 
and tho salts of lime, potadi, &c. Such plants can only flourish 
under tho influence of light; and under this influence they produce, 
from the above materials, now cellulose &c. and protoplasmic 
matter. The assimilation is in such coses, os a general rule, accom¬ 
panied by the assumption of a green colour, &om the formation of 
chlorophyU. 

Exceptions to the last assertion appear to exist in the red, olive, and 
other peculiarly coloured Algm, in which no chlorophyll is produced; 
but we ore totally ignorant of the processes which go on m the vegetation 
of these plants. 

745. Bie history of tho changes which take place in the cell- 
contents of the green Conforvoid Algte (fig. 485), which we are able 
to observe to a certain extent beneath the microscope, affords some 
material toward the comprehension of the processes which have their 
seat in tho green parts of tho higher plants. 

We observe in the elongating apical or branching cells of tho 
Conforvoids, that the contents of the recent parts (as in tho upper 
half of the dividing-cell of (Edogoniwnf&xs.) are chiefly composed of 
cdoorless protoplasm, with watery cdl-sap. Under the influence of 
light, green chlorophyU-oorpusdes become more and more abundant; 
and under favourable ciroumstanoes of light &o. (accompanied by 
libe^tion of oxygen g^) the dilorophyil-corpuBdes soon present 
starch-granule in the interior, which multiply and increase con¬ 
siderably in size. This formation of starch occurs chidl^ after the 
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cell bos attained its fiill growth, and may be regarded as a continti- 
ation of tbe prqpess which produced file cellulose of the cell-wall, 
now no longer required for the pui^ses of the individual cell, the 
contents of which, however, proceed with their assimilative action. 
After a time the cell prepares for propagation, or reproduction. Then 
the starch-granules disappear, apparently by solution into dextrinous 
or analogous matter requisite for tho development of new eell- 
membrane, which soon t^es jdaco, either in cell-division (§ 694), or, 
if the primordial utride is discharged from the parent cell in the 
foim of zoospores (§ 698), in the formation of the oeU-membranes of 
these bodies after they have come to rest. 

Where rosting-sporcs are to be formed, different changes ensue 
after the solution of the accumulated starch. The new cell, intended 
to remain in a quiescent condition, becomes coatod by a cellulose 
membrane, or often two distinct concentric coats; and, at the same 
time, that portion of the contents consisting of dextrinous or ana¬ 
logous matter which has not been consumed in forming coll-mcm- 
brone Decomes converted into fixed oil, tho green colour disappears, 
and the contents assume a red or brown colour, and external stimuli 
(light &c.) produce no influence. When those bodies germinate 
(which usually only occurs after they have lieen dried up and are 
again placed in water), the chlorophyll gradually reappears and the 
oil vanishes, and the entire course is run through again. * 

Comparing these phenomena with what we observe in the higher 
phmts, we notice the similnrity as regards tho production of chlonqmyll 
in the leaves, followed by the appearance of starch-granules as a form of 
accunadtUed nutriment. But the thnetions being more localized as the 
organization is more coi^plicated, the starch thus formed is subsequently 
dissolved, and is carried away to the grovnng tissues of the plant, to the 
buds, cambium-repon, and roots, where it is laid up in autumn, very 
often in this same form, but not unfreqmently iii the condition of fixed 
oil, as in tho rhizomes of Ci/perm, otLastrxa FUix-maa, &c., and, above 
all, in structures which, like the redinyspores above mentioned, ore to 
remain quiescent while exposed to considerable diversity of external con¬ 
ditions, namely in seeds, as in the cotvledons of Crudferae, Almonds, Nuts, 
Walnuts, &c., or in the albumen of Poppies, Eupborbiaceos, &c. 

The oil (or starch in other cases) stored up in the seeds and rhizomes 
undergoes decomposition and solution in germination, to supply material 
for the cell-membranes of the nascent pkmt until the roots nave become 
sufficiently developed to provide for it. 

We have at present no vem satisfactory evidence of the kind here 
brought forward to indicate tlXmode in which the nitrogenous matters, 
necessary for the formation of new protoplasm, are taken up. The ques¬ 
tion of the assimflation of nitrogenous matters will be considered in the 
ffillowing section, on the Food of plants. 
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Sect 2. Food od Fuirrs. 

746. Tho first stop in the investigation of this suhjeot Isis' 
ascertain what substances enter into the composition of vegetable 
structures and juices. 

Analyses of plants have demonstrated tho existence of the 
following chemic^ elements in plants:—Oxygen (0), Hy&ogeh'(M)J 
Carbon (C), Nitrogen (N), Chlorine (Cl), Bromine (Br),"loaine (I), 
Fluorine (F), Sulphur (8), Phosphorus (P), Silicon (Si), Potassium 
(K), Sodium (Na), Calcium (Ca), Magnesium (Mg), Aluminium (Al), 
Manganium (Mn), Iron (Fe), Zinc (Zn), Copper (^), Titanium (Ti), 
Arsenic (As), Lithium (li), Buhidium (Bb), Csesium (Cm), and 
Barium (Ba). 

All of these, however, do not exist in every vegetable substance; 
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ith the exception of oxygm, 
up by plants in a simple form; and none of them exist as such in 
vegetable substances. The compounds of the different elements differ 
much in the proportion in which they exist. Water (HO or H^O) 
may form 90 to 95 per cent. Of the dry substance, compoimds of 
carbon, hydrogen, and oxygen (C H 0) may form 66 per cent.; the 
alkalies, earths, and metallic oxides commonly form 1 to 4 jmr cent., 
in rare cases as much as 20 per cent. 

748. Tho great mass of all plants is composed of the first four 
elements in the list:—^the solid narts. of compounds of carbon, hv- 
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pnur and phosphorus appear to be necessary constituents also in 
tho protoplasmic eompounds; the alkalies and earths are« in most 
cases, requisite in the processes of elaboration, hut may^'^'m^hy 
cases, be substituted for one another (perhaps in certain coses may 
bo replaced by ammqpia); chlorine is necessary in many plants. 
Iodine and bromine are met with, particularly in marine plants; but 
it is not clear whether their presence is necessary, or merdy an inevi¬ 
table result of the absorption of sea-water. Iron and manganese are 
met with very commonly, copper tt&d zinc more rarely; silioon abounds 
in oertmn Orders (Grasses, Equisetaoqp), and is met with in many 
plants in smaller proportionB. The most necessary ingredients for 
the duo nutrition of the plant are, in various propOTtions according to 
circumstances, a nitrate or an ammonia salt, a salt of potash, soda, 
lime, magnesia, and iron. 

749. We have stated that (green) plants in general acquire their 
nitrogenous food by their roots (from the nitrates of the soil), and 
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their carbonaceous food by their leaves. The sonrcea of the food are 
therefore the soil and atmosphere in vmch plMits <OTw ; and ihe. 
inquiry presents itself at once as to thd forhi in whic'lilhe food is 
supplied to and taken up by plants. 

On the one hand, we know that plants can absorb Bubsteucesonly 
in a liquid or gaseous form 7o&, i^6); on the other, wo know 
that both the atmosphere and soil contain carbonic acid, water^ 
and vanous nitrogen^ coinpounds soluble in the latto luo alka¬ 
lies, earths, to. exist only in the soil, anSln more or Im abundance 
and more or less solnblo forms in difierent cases. 

Observation teaches us that the simpler plants, such as the Pal- 
mellcro, Lichens, many Mosses, &c., can grow upon bare rooks or 
stones, and obtdn their carbon, hydrogen, oxygen, and nitrogen 
from the atmosphere alone; and experiment shows that these are 
supplied in the form of carbonic acid, water, and ‘ammonia; the sub¬ 
stratum here supplies only the small proportion of mineral substance 
that is.i’oquired. Moreover it is possible to grow a plant to maturity, 
and even to make it ripen its seed, in distilled water containing in 
solution only the ush-elcments of aquatic plants, such as Confervas 
&c. Similar growth may be obtained by growing a plant in a watery 
solutimi of the necessary mineral ingredients of the plant, together 
with a nitrate or on ammonia salt, the excess of carbon in &oso caaps 
being derived from the air. 

Further, it is observed that, if a vegetation of this kind goes on 
undisturbed for a lengthened period, the decay of successive gene¬ 
rations of plants leads to accumulation of organic substance, of vege¬ 
table mould, the material of which has been derivq^ from the atmo¬ 
sphere by the plants, But has not bcon consumed, i. e. decomposed 
into its orighml forms of carbonic acid &o., by them and their suo- 
oossors. 

IVom these facts it has been concluded , in the flret place, and truly, 
thaT gr^ plants have the power of leoding upon inorganic subr 
stances, and fixmg them in definite organic compounds; secondly, 
but wi& less jnstice, that this is the universal law of vegetable nu¬ 
trition—that plants live exclusively on inorganic substances, which 
they convert into organic matters unfit for'their own use, and 
only assimilable after a new decomposition. In regard to certain 
plants this last assertion is alto^ther inadmissible, namely the 
Fungi and, above all, the ool<u*less parasites (§ 741); and not only 
is it contradicted by the phenomena of their life, but it is opposed 
to the universal experience derived from observation of the culti¬ 
vation of plants. Lastly, we know of no cause why plants should 
refuse to absorb organic substances presented to' them in a state of 
solution favourable to endosmotic action in the roots. 

It is very true that many even of the higher plants will grow upon soil 
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almort deetitate- of Orguiic matters, os we see on sandy heaths &c.; but 
the hand of vegetation which characterizes such soils is very diflbrent from 
that which dbthes land covered with vegetable mould. And the induenoe 
of manures in agriculture must be attributed in a great measure to the 
extendve aid afforded to the plant in the shape of additional supplies of 
pigattic matters, which bear a kind of compound interest, dnce the in¬ 
creased growth they produce gives increased power of independent assi- 
milative action. 

760. Spontaneous vegetation is noimshed principally bv carbom e 
arid and amn^nia dwavs eiMting in sufllciont propOTtions in ffie 
atoOTphcire^ Ino former substnhcc is taken up by the leaves; and 
1 ^ latter is also probably absorbed by the aerial organs of plants, 
since the lowest kinds have no roots; but the prinripiJ. supply to the 
highe r plants seeiM to be furnished through tne soil, which receives 
ammd:^ dissolved in rain and dew, and, where ^rous, absorbs it 
greedily. 

751. Plants growing upon soil abounding in decaying vegetable 
and animal matters are doubtless supplied with part of their food 
from these sources. Ammonia is a constant product of decomposi¬ 
tion of animal substance, carbonic acid of this and vegetable matter. 
But from the researches of Mulder it would appear very probable 
that the old vegetable matters may pass into the living plants with¬ 
out undergoing decomposition into carbonic acid and water. The 
black decaying matter of vegetable origin, called is decomposed 

in the soil into a series of organic acids, of which the last members 
possess much affinity for ammonia, and form both with it and the 
alkalies soluble salts, which may be absorbed as such by the 
roots. In favour of such a view is the fact that carbonate of 
ammonia (decomposable by crenio and apocrenic acids) appears in 
many cases hurtful when applied directly to the roots of plmts. In 
addition to the tendency of these organic acids to attract ammonia, 
they seem to be capable even of causing its production in the 
soil, since, in the progressive oxidation of humus taking place at the 
expense at water (H,0), the hydrogen of the latter possibly com*- 
bines in its nascent state with the nitrogen of the atmosphere to 
form ammonia. 

It has been common in recent works to find the value of humous or 
carbonaceous matters in soil estimated very low; they have been re¬ 
galed either as merely im}mving the (physically) absorbent power of 
soils, or as sources of carbonic acid, already sufficiently provided by the 
atmosphere. But the above observations, Dome out by the experiments 
in Tumi^growing by Lawes and Qilbert,'are in favour of a higher esti¬ 
mate of the value of decaying carbonaceous matters, and of regarding them 
as important cofistituents of farmyard-manures for. certain purposes. 
Lawes and Gilbert found that stimnlating nitrogenous manures in excess 
were rather detrimentid to the growth of tnrmps, leaf-formation going 
on at the expense of the roots; but this was counteracted in a great mea- 
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rare by suppling, 'with the nitrogenous nianutes, caarbonaceona substoces 
in conraderame proportion. 

752. Certain observations made by Yillo appear to indicate a pow^ 
in living* plants to fix nitrogen from atmospberio air; but ws is 
negatived by Bonssingault, Lawes and tiilbert, Pugh, and others. That 
ammonia is not absolutdy necessary for the nitrogenous food of 
plants is distinctly indicated hy tho effect of nitrates as manures, 
rivalling that of s^ts of ammonia. Moreover it has been stated re¬ 
cently &at ozoM (a peculiar condition of oxygen) converts ammonia 
into nitrous add; and thcro is reason to suppose tliat the ozone con¬ 
dition of oxygen is produced in certain cases in the liberation pf that 
oloment by plants. 

, 763. We may sum up briefly what appear to be the most proba¬ 
ble hypotheses respecting the ac(]uisition of the four prindpal elements 
(C, H, 0, N) of the food of plants. 

1. The ceU-contents of plants, when they contain protoplasm, axe 
capable of assimilating nitrogenous matters in the form of com¬ 
pounds of ammonia or nitrates. 

2. Protoplasmic matters are capable of assimilating organic ternary 
compounds, without tlic old of light, in the form of dextrinous 
or saccharine substances (Fungi), and in the form of compounds 
of tho organic acids of the Boil(crcnic and apoorenic adds) with 
ammonia and alkalies. This action is accompanied bycontadt- 
action alstg decomposing and wasting the organic mutter 
(§ 741), when it goes^on in Fungi or in other plants in tho dark 
(germinating seeds, blanched vegetables, &c.). 

3. Protoplasmic matters, in all phints except Fungi (and perhaps 
some Algas), are capable of decom^msiug carbonic acid when 
exposod^te^milight, the carbon entering into union with the 
elements 01 water to foim the ternary oompoxmd, C H 0 
(dextrine, sugar, cellulose, stardi, &c.). 

764. For thete imneral food, ph^ts are of comse chiefly den en demt 
on the soil in wMcli they stow . The gradual decompodtion of ro^g 
furnishes the earthy and alka&ne constituents, which must vary on 
different formations or according to diluvial actions. Marine plants 
naturally accumulate many of the mineral elements of sea-water; 
and plants growing near tlie sea derive a certain amount of tho salts 
of sea-water from the atmosphere, brought by the winds; the salt 
spray is shown to be carried great distances by its being injurious 
and destructive to many kinds of plants growing expos^ to sea- 
winds. 

Sect 3. ABBoamoir. 

755. Since the lower plants consist of dosed cells, in the inteiiior 
of which their vitalized substance resideB, and* tho membrane of their 
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cellfl, so far as our investigations can reach, is, in general, destitute 
of oi^ces, the food of these plants can only be token up in a liquid 
er gaseous condition by the still mysterious process of imbibi¬ 
tion. ’ 

756. In plants of more complex oiganization, although loose 
parenchymatous tissues exist, and the interspaces (§ 616) become 
concerned in at lesist secretion, the external surface of the plant, 
by which food must penetrate, is carefully guarded by a continuous 
epidermis, entirely devoid of orifices in the roots, the principal ab¬ 
sorbing organs; and though perforated by stomatal orifices in the 
leaves and other aciial organs, these are carefully guarded by special 
contrivances to prevent the entrance of solid matter, and in aU cases 
lead merely to ititercellvlar passages, external to the membranes of 
the vegetative cells. 

In the fungi. Lichens, and Algrn absorption appears to tiike place 
firocly at all points of the thallus to which gases and liquids have 
access. The structures of Masses, Hcpaticai, and the smaller mem¬ 
bers of the higher groups of Cryirfognms are likewise so «imply 
cellular that they appear to bo little dependent on root-structures. 

In the higher Cryptogamia and the Phancrogamia the absorption 
of liquids appears to be confined to the roots, the epidermis of the 
leaves «fec. Iming so organized as to oppose the entrance of water, 
while the stomatal cells which guard its orifices, swelling up so as to 
dose the slit between them when filled with flnid,lloncur to prevent’ 
the absorption of water or other liquid. Gases, however, penetrate 
freely through most cell-membranes, and hence may be absorbed by 
loaves, and can pass freely through the stomata into the intercellular 
passages. 

767. The physical phenomena of diffusion imA. osmqse^o the most 
important agents in the acquisition/ Vy the reU-cOTWaiy, of material 
from without. These phenomena depend, first, on adhesion of the 
liquid to the solid, and then on any qircumstances which cause move¬ 
ment in the molecules of the liquid. 

We may say, in general terms, .that when two liquids of different den- 
rities (the one “ colmdal ” or little difitudble, the other “ fruslalloid. ” or 
greatly diffusibl^ are separated by a membrane or other porous subston ce, 
tee denser liquid becomes increased in bulk by tee passage of the tidnner 
liquid into it through tee membrane. This role is mde^ subject to mo- 
dmeations, dependent upon other qualities besides density of the liquids, 
such as their molecular relations to tee substance of tee separating mem¬ 
brane, tee molecular nature of tee membrane itself &c., since, of two 
different liquids^ that which is more readily imbibed by tee membrane 
passes through m a preponderating current. 

When we place simple vegetable cells with flexiUe cell-membranes, 
snim as many poUen-gpins, yeost-globuleia ice., in water, their denser 
cell-contentB absoib water and tee ceS-wall expands, sometimes even 
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bursts. On the other hand, placed in strong solutions of sugar or gum, 
such cells will lose part of their contents and shrink But these simple 
experiments are net sufficient to indicate what takes place in the cells of 
tissues filled with living protoplasmic matters; for veay frequently, when 
we place such cells in liquids diliering in density from their contents, there 
ensue successive changes of condition, which must also be. involved in 
many natural processes. Thus, if we place in water a frapnent of ceUulax - 
tissue from the region where pollen-grains are being developed in the 
anther, or ^res in sporanges, water is absorbed through tlie cellulose. 
coat, but the primoroial utricle contracts; but when the water pene¬ 
trates the latter, it swells again and sometimes expands beyond its 
original volume, bursting the cell-membrane when this is weak. 

The presence of a membranous or porous septum is not essential to such 
a process of filtration and admixture ns above de.scrlbed. Two liquids of 
dilFerent densities placed in contact will gradually mix by the attractive 
force that the one exerts on the other. This iuptid (hffugimt depends 
materially in amouut on tho nature of the liquids—colloid or crystalloid, 
os the case may he. 

758. The recognition of endomose as tho cause of the absorption 
of liquids by the young routs and ruot-haiia affords some explanation 
of tho apparojitly contradictory phenomena which have been de¬ 
scribed ’ ’ those who have experimented with a view to ascertain 
whether plants have any selrKthuj-poivet'. It has been shown that 
there exist some very complex circumstances of purdy physical 
nature i- oudosmotio processes, and that simple density of liquidsris 
by no mti i the only impwrtant point—alkaline, acid, or neutral con¬ 
ditions of mineral salts .dsing special poculprities, dependent on 
chemicu. ..nd molecular relations to tho membrane or porous inter¬ 
posed Buostonoc, and in otlicr cJscs on chemical actions taking place 
on one or the other side of the membrane. 

Some writers assert that the roots of plants absorb all substances in- 
diflurently; and the experiments of Vogel and others appear to bear this 
out. But, not to mention that the ashes of different plants grown in the 
same soil have different composition, Tiinchinetti has shown that differ¬ 
ent salts are absorbed in different proportions from mixed solutions; and 
in Be Saussure’s experiments hving roots absorbed differently from 
diseased or dead ones. 

Such phenomena as tliese, however, may be explicable on purely phy- 
tical principles. It has been proved that different chemical salts exnibit 
unlike quantitative phenomena in passing through dead endosmotic sub¬ 
stances; and thus even from mixed fluids one salt might pass more readily 
into a cell than another; and, still more, the immectote decomposition of 
one salt alone, innde the membrane, while the other was not affected, 
which might take place in a living cell, would greatly affect the endosmose, 
since the cell-contents would soon be saturated with tho latter, while the 
other would not accumulate. In regard to De Saussure’s experiments 
(which Me borne out by what wo see beneath the microscope when we 
apply reagents, such as iodine, to healthy or decaying tissues), there is 
no necesaty to have recourse to a vital agenc^ of selection, since the 
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chemical activity of the c^-contents, quite difierent in a living and in a 
dead organiam, might account for all the diversities, even if &e di&mnce 
Co^d not be explained by a physical difierence of tension in the living 
cell-membnme and that of a de^ organ, in which a process of decay im¬ 
mediately commences if it is exposed to the action of water. It has 
recently oeen shown that porous vessels placed in mixed solntions select, 
just as plants do under similar circumstances; and those solutions which 
pass most freely through the walls of cells arc those which always tnsS 
most fioely through tlie sides of the porous vessels. Those cases in which 
the same amount of any f^ren substance is capable of being absorbed by 
plants which have nevertheless difierent chemical composition, may also 
be explained by the different osmotic powers possessed by the cells of 
diffiiront plants. Thus, supposing the root-cells of a cereal plant and 
those of a Leguminous plant to take up the same amount of suica from 
the soti, the quantity of that ingredient would speedily be found to be 
greater in the cereal than in the Leguminous plant, because the cells of 
the former can appropriate silica, and by osmosis store it up in the epi¬ 
dermal tissues, while the cells of the latter, having difierent osmotic rela¬ 
tions to silica, soon become saturated, and can take up no more. On the 
same principle we see colls in juxtaposition conttuning very difiei;pnt in¬ 
gredients, vmch yet do not mix httcause the conditions for ehdosmosis are 
m some way or other not fiivouiablo. 

Schloting says that the power of absorbing mineral ingredients from the 
soil is diminished by limiting the process of evaporation, as when plants 
are grown under a bell-glass. 

° 759. The leaves and other green parts of the higher plants do 
not appear, to absorb liquids. Whether they absorb even watery 
vapour to any great extent is qu^tionable; but i t is certain that they 
absorb gases, and that a very large proportion oF the carbon whic 
is conflume3 by green plants is tak* into the system in the form of 
earbonic add gas, by the leaves and green shoots. 

Unger denies that leaves absorb watery vapour; but this is in contra¬ 
diction to the general impression; and it is difficult to understand how 
they con r^use it. With regard to nitrogenous matters, there appears 
to be some reason to imagine that anunonia (or nitrates) may be as¬ 
similated by plants, and possibly by their leaves, from atmospheric air. 
This point will be noticed further on. 

760. The entrance of gases into the_cellB is attributable, through 
their sofubilitv in water, to eh^rootic acti<m ; while fee laws ^ 
diffusion of gases provide tbeir ehtranoe into the intercellular 
passages, which brings them into contact with the deeper-seated 
cells. 

Sect. 4. Biffusiox or Fnirtn xx Flakts. 

761. The diffiision of the fluid absorbed by plants, and the nature 
of the interchanges which take place between the products elabo¬ 
rated in the different tissues, off^ a number of problems, of some of 
which no very satisfac^nry solution can at present be offered. 

762. In aquatic plants the entire sorfooe is employed in absoip- 
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lion; and the liberation of gaees in tbe. respiratory or other processes' 
being accompanied by condensation of the coil-contents, endosmotie 
action is kept up constantly during active .vegetation. 

In the Cellular plants, such as Lichens, Fungi, and even in 
Mosses and ilepaticffi. the diffusion of the flni^ would appear to be 
g result of simple endosmotie action continued from cell to cell in 
more or loss complex series; and In the plants growing in air, eva- 
])oration of gases increases the density of the contents of the last or 
uppermost colls of the chain. 

753. In plants with wcU-developcd stems and roots, the liquid 
nutriment is absorbed by tho latter, and the movements which the 
absorbed fluids have to make are much more complex, not only from the 
greater variety of forms of tissue through which tluy have to pass, but 
from the multiplied details of the interchanges with elaborated matters 
arising from the scattered distribution of the leaves over the axis. 

764. As so large a quantity of fluid is absorbed by the roots from 
below, it is dear that the difhsion of that fluid (or sap, as it is now 
culled) must in the first instance be in an upward direction; hence 
the phrase ^asceat of the san. The main current of the sap, then, is 
upwards from the root, ttirough the stem and branches, to the loaves, 
wherein, owing to tho changes it there undergoes and which will be 
hereafter aUuded to, its character becomes dtered and the general 
direction of its current reversed.’ 

The upward direction of the crude sau, and still more the downward 
enrrent of the ddbor^td Sao. must be understood in a general sense as 
iiidicatiug the prevailing directiou^f tlio current. A more striedy correct 
expression would bo to saytliat the sap, whether ascending or descending, 
moves in the direction in' which (^umstances ore most mvourable to its 
flow; and this is to those spots where tho sap is most needed for the 
nutritive processus of the plwt, ah will be mure fuUy explained in suc¬ 
ceeding paragraphs. 

765. The causes producing the ascent of the md are ma^old. 
They vaiy not omy^m their nature, bu^ at Afferent tim(M, in dirfer^ 
parts of the same plant and under varying circumstances. We will 
first of all alludo to the inducing causes separately, and then indicate 
how, when, and where they act. Endosmotie action consequent on 
the absorption of flftids by tho root is on all hands admitted to play 
the principal sharo in tho diffusion of fluids throughout the plant. 
Capillary action facilitates the upward passage in or between tho 
fibro-vaseular tissues. Fressure, whether exerted by the tension of 
the cell-walls upoh their contents, and itself consequent on endos- 
mosis, or as the result of increased temperature, which expands the 
air in the stem, forces the fluids to move in the direction of least 
resistance. The osciUarions produced by the swaying of the branches, 
petioles, &o. by the wind also occasion intermittent pressure, to wMoh 
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Mr. Herbert Spencer attributes an upward tiiTUst of the sap towards 
tile point of least obstruction. 

The profuse evaporation or transpiration of watery vapour from 
the leaves is a powerful agent in producing an upward flow of fluid 
to replace that which is lost in the manner indicated. The extrava¬ 
sation or ^hidation of sap consequent on. the mechaniflgl strains 
effected by the wind also give rise to a current of sap &om belost 
Chemical actions, such as the transformation of starch into sugar &(W 
necessitate a supply of water and create currents of that fluid. 

The above-named causes act sometimes separately, atiother times in 
combination. In the roots, not only the absorption but the ascent of the 
sap is due to osmotic action chiefly. 

The roots take on important share in promoting the upward flow of the 
spring sap. If, in spring, we notice the surface of stumps of timber-trees 
which have been sawn oil' in the preceding autumn, we find the cut sur¬ 
faces wet with abundant exudation from the outer layers of the wood; 
and experiments made upon the cut ends of branches, by Hales and others, 
show that the sap rises in them with very considerable force—in tjie cose 
of the Vine, supporting a column of mercury 20 inches in height. It 
is evident, therefore, that the spring ciurent, at least, is partly owing to 
absorption by the roots, in the cells of which decomposition and solution of 
starch are effected, and which must in consequence absorb water greedily; 
the engorgement of the tissues may cause the liquids to be forced into and 
upwards along the course of the vessels and ducts. 

In woody steins osmose also comes into play in conjunction with 
capillary action and pressure dependent on the various causes before named. 
Pressure resulting ftom increased temperature is illustrated bv the cir¬ 
cumstance that the flow of sap in the trunks of trees is greatest fluring the 
daytime, when the trunk absorbs the sun’s heat by its rough surface, 
and least at night, when the tree is cooled by radiation. In the leaves the 
transpiration and the movements effelfted by the wind afford the main 
causes for the rush of sap. In the expanding leaf-buds, and in all portions 
of the plant where vegetation is going on actively and where in conse¬ 
quence large quantities of nutriment ore required, the chemical transforma¬ 
tion of the cell-contents, which renders them available for nutritive pur¬ 
poses, necessitates a large quantity of water; and in consequence an 
endosmotic current is produced. This chemical action does not necessarily 
occur at the very point where growth is most active, generally, indeea, 
elsewhere, in vraat may be termed the store-cells, so that a current is 
determined from the store-cells to the growing points. 

The transfers just alluded to may he compared to a row_ of firemen 
handing^ on puls of water, in the absence or a hote or continuous pipe, 
such as is represented by the blood-vess^s of an animal. 

The spring ascent of sap in Dicotyledons is partly to be accounted for hy 
the aolutiun of Ntarch, or tue decomposition of fixed oil &c., in the buds and 
cambhim-rogion, as above mentioned (just as occurs in the root or in a seed 
hsgimiing to geminate). Bu^ as has been obsurved iy von Mbhl, tile 
hispissated juices thus fomed do not Be in the sap-wood wherein the 
ascending current flows, diut in the cambium-layen where the elaborated 
sap detoends’f and it is not clear why tiie ascending fluifl, if moved lyr 
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eudosmose alone, does not pass out latemlly into the comhium as soon as 
it reaches the stem. That the buds, however, do exert this attractive 
force is seen by the influence of the heat of a greenhouse in causing the 
flotv of sap in a Vine which is planted with its roots outside the house 
and its stem brought inside and ^ined there, 

706. In the leaves (and green portions of plants aa nerallyl the 
very important ph eno menon oi evaporalaon or transpiranon o^ watery 
v apours ooc^, and constitutes probably the mosTjmportant agent M 
aU in ottusingtSe^TyplY yd diflusion of food infante. It has 
6cen stated aoove (§ 758)1that plante absorb their liquid ?ood pas¬ 
sively by their roots; therefore, under equal cxtcmd conditions, a 
plant should receive the nutrient matters derived from its liquid 
food in the ratio of the quantity of water passing through its tissues 
and evaporated from its leaves &c., since the water passes off almost 
us pure vapour, and, at all events, leaves its mineral constituents be¬ 
hind. The amount of evaporation is remarkably groat, and accounts 
in some degree fur the sustenance of plants by such extremely dilute 
sidnti&us of their nutrient mutters as they And in the soil. 

The experiments of Lawes and Gilbert give the following average daily 
loss of water in the mouths indicated, in pots of unmanured soil, the first 
line from Wheat, the second from Peae :— 


March 

Man?h 38th 

April SStii 

May 25th 

Juno 28th 

July 28th 

Autf. Uth 

to 

to 

to 

to 

to 

to 

to 

March 38thi April 28th. 

May 25th. 

Jnue 28th. 

July 2Bth. 

Ang. llth. 

Sept. 7th. 

14-3 

40-9 

102-4 

1177-4 

1535*3 

1101-4 

230*9 

11-2 - 

42-9. 

100-4 

1079-8 

2092-7 

377-2 

— 


The total amount of water given oiT during the whole period of 172 
days (March 19 to Sept. 7) was by the Wlt^, 113,527 grains, by the 
P^, i0i<,0t:i2 graina The total quantity of mineral ash from each of 
the samples was, IF/isot, 36'49 groins, and fleas 43'16 grains, which shows 
that the Wheat tuuk'im 32'14 grains, and the Peas 39-57 groins of mi¬ 
neral matter in every 1(X),(XX) grains of water which evaporated from it 
-The amount of teanspirAtion depends on the age of the plant, the 
amount oi sunace expose'd, the nature of the epidermis, the texture of the 
leaf, &c.; thus it is usually greatest on the lower surfaces of leaves, which 
are provided with the peatest number of stomata. External conditions, 
such as the degree of moisture in or the temperature of the air, also 
exert great influence on transpiration; the drier and hotter the atmosphere, 
the greater the transpiration. Light also has great effect on the ^antity 
evaporated; but it is difficult to separate its effects from those ofheat. 

In the sprinm before the expansion of the buds, absorption is neces¬ 
sarily greater than transpiration, the water in such a case is stored in the 
stem, where it is made available for the expanding buds and mowing 
tissues generally. In the summer the transpiration is greater than the 
absorpthm; and then the leaves depend for their supply on the stores in 
the stem, or, failing that,, they wither. Even in wmter, provided the 
stem be not alMolutely frozen, there is a motion ^f the juices, dependent 
to a great extent on the temp^ture of the soil, which is al-ways in that 
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season higher than that of the air, and it increases in amount from the 
surface downwards. 

767. Afl regards the special tissues through which the sap flows, 
the experiments of Hoffmann and others indicate that a very uniform 
diffusion of fluids takes place in the Cellular plants and in the Mosses. 
But the lasfliiamed physiologist found that in the plants possessed of 
fibro-vascular bundles, the fl^ds passed up in the first msta nce from 
the roots chiefly in the prosenchmatous cellular constituents the 
i)undleB . These oxperimenta were made by causing the plants to 
absorb ferrooyanidc of potassium; and then, by treating sections of 
them with a per-salt of iron, the course of the sap was shown by the 
local appearance of Prusslaii blue. 

Unger’s experiments, in which he caused plants to absorb the red juice 
of the berries of Thytoiacea, gave the same results. As a rule, it was 
foimd by both observers that the fluids did not pass by the spiral vessels 
themselves, unless the continuity of the absorbing suriace of the roots 
had been desti-oyed. Herbert Spencer’s experiments, however, show that 
the passE^ through the vttssels is much more rapid than through the 
cellular tissue. Where cut branches are caustKi to absorb, the flmds rise 
in the open vessels and ducts by simple capilloi'ity. 

708. The spiral and other vessels do not always participate in the 
diffusion* bt the inices ; but in the commencement of tlie growing 
ing-season (with us, in spring), the whole tissue becoming goiged 
uith fluid, the vessels are commonly found full of sap. In Hie 
regular steady course of vegetation tho spiral vessels are usually 
found filled with air. 

arc also filled with air, except under 
peculiar circumstances, and therefore take no part in tho distributien 
offtesap. 

76y. tLo expeiimcnts which have been made to ascertain the 
course of the fluids absorbed by the roots, tend to show that the sap 
passes up ward in the clongitted cells associated with vessels in tK 
j toro-yasc^M bundlw . towards an^nto ^elc^e8and~othej~organ^ 
IFho distribution of me fluids must therefore bo very different in 
stems differently organised as regards tho arrangement of these 
bundles. In Monocotyledons we find a series of isolated streams; 
in Dicotyledons the fluids ascend in a much freer and wider course, 
in the more abundant wood of the regula^y arranged drclo of bun¬ 
dles (§ 665). A farther diversity prises from the changes which 
take place in stems with age: in IHcotyledons the inner layers of 
wood generally become converted in tho course of time into heart- 
jgwd (§ 670), the solidity of which obstructs tho passage of Sui3s) 
wluOT tihen asemid chiefly in the outer, younger layers of wood, which 
constitute &e ^Vmrnv^p, or sap-wood. 

This is afisistiated by the vegetation of hollow Dicotyledonous trees, in 
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which a suflieient layer of young wood remains within the hark to cany 
up the absorbed ^ui^. It is found that the careful removal of the heart- 
wood of trees does not prevent the supply of liquid to the branches from 
the roots; but if the layers of sap-wood are removed, the upper parts of 
the tree die from desiccation, even when the bark is left uninjured except 
to such an extent as is sufficient to allow of removing the wood beneath. 
Xhe removal of a ring of bark does not prevent the ascenf of fluid, but, 
as will be noticed presently, arrests the downward distribution. 

„ 770. A certain amount of lateral diflftision takes place from the 
ascending current, 8ui)plyiiig the surrounding tissues with water, 
and, perhaps, nitrogenous materials; but this point is not clear. 

771. The fluid which is found in the sap-wood of Dieotyledons is 
of a water}' character, containing dextrine and sugar, but not starch, 
chlorophyll, or any colouring-matter. It contains mso, mineral edte 
absorbed by the roots, in an nndecomposed conchtlon7 ^ cWmderalbTe 
heights in the stem. Tlicse fluids are called crude mm. and occur 
in ((special abundance at the time (spring) wlien tlie renewed che¬ 
mical activity in the developing cellular tissues causes an increased 
absorption of fluids. 

This crude sap flows out freely from incisions into the sap-wood of 
Dicotvledonous toes in spring, and soraetimes spontaneously bursts fortli 
iu a hind of overflow, ns in what gardeners call “ bleeding ” of Vines. 
Uirches, &c. 

772. The crude sap becomes more and more condensed as it as¬ 
cends in the stem and other organs. In the leaves and other green 
parts it undergoes a m(ibt important transformation, loses by toiim - 
mration much of ite water, and rccciv(is a new element in Si 
coinnosition. of the highest imporiance to it os material fer develop- 
ment, nai^y carbon, derived from the carbonic acid absorbed by 
the loaves and decomposed there in sunlight, with the liberation oi 
oxygen. 

• 773. The nature of the progress of the sap thus elaborated from 

4he leaves into the mtudmim-region (§ 666) of the stem and othei 

parts is at present obscure. Some authors, indeed, totally deny that 
the elaborated sap docs descend; but this is in contradiction to all 
experience and observation. AH exTOiiments which Imve been madt 
favour the opinion that there is a descent of sap ekborated in the 

leaves, in Dicotyledons at least. in~ that part of the fibro-vasculai 

Imndles coinciding vnth tke cambium-ring of the stem— -that is. ir 
the cambium-layer "of the wood and in the internal tissue of th( 
bark. This supplies the material for the development of new wooc 
'in the fibro-vosc^ar layers; and this elaborated sap evidently passe! 
not only downward, but also inward, by lateral transmission, 8inc< 
we find in autumn starch-granules laid up in the medullary rayi 
between the wedges of developed wood. 

The Ban therefore nerfonns a kind of cicculation in BicotyledonB 
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not in a proper system of vessels, but by a series of disturbances 
,ud restorations of equilibrium in a mass of permeable tissues, de¬ 
pendent upon local physical, chemical, and developmental actions. 

The evidence of a deseent of elnbowtted sap is qverwhelmiM. The 
simplest proof, that of remo-nng a ring of bart, which causes the arrest 
of development of wood below the ring, is home out fay all variations 
of it.' langinff fruit-trees in this way causes a temporiuy increase of 
poduct of fruit abtyve tho wound, from the accumulation' of the ela- 
Wated matter there. The formation of tubers in the Potato and similar 
plants is prevented by interrupting the continuity of the cortical layers; 
and when bark is removed in patches, and the surface becomes gradually 
grown over by now wood, the greater part of the new growth comes from 
the upperside. 

It IS Mulder’s view, that all the nifro^nons constituents of plants are 
not only absorbed by the roots, but assimilated there at once, and that 
carbon is fixed in tiie ^en organs—then, that a continual interchange 
goes on from above and below, the roots supplying protoplasmic matters 
(§ 697) which originate all organic phenomena, while the leaves send 
down me ternary compounds (CIIO) which afford the material for cell- 
membrane, starch, &c. This author attributes the distribution to simple 
endosmose; but this does not account for the passiige of crude sap through 
the alburnum and of elaborated nutriment through the inner how. Other 
authors consider that organic substances (carbo-hydrates, albuminoids, &c.) 
are formed in the leaves; in such a case a descent of the sap must of 
necessity occur. 

774. Sachs states that the elaborated sap in tho cellnlar tissue is 
different from that in tho vascular; " the parenchymatous tissues 
have,” says he, “ an acid sap, containing sugar, starch, oil, vege¬ 
table acids,” &c. The vascular and prosenchymatous tissues, in- 
dtiding the “ vasa propria ” and clathratc cells (§§ 686, 624), have 
an alkaline sap. The sap passing .through these tissues is of an 
albnrainons nature. Other physiolofpsts, however, doubt whether 
any such sIictIy defined du^natnre of elaborated sap exia% 
though admitting the Ixirge share which the vasa ^pria, fill in tho 
descent of the elaborated juices. 

776. We may conclude this portion of the subject by repeating 
that the nutrient fluids in plants follow certain directions, according 
to the structure and arrangement of the tissues, the locality of the 
sonrees of nutriment and of growth or other action; and as regards 
tho elaborated fluid the movement may he, 1, from the place of 
formation to that of consumption-, or, 2, to the store-cells or rcser- 
voin, or, 3, from these latter to the place of consumptiion. The 
ascend^, descending, or horizontal direction of the current is 
therdwO a secondary' matter. 

To illostrate the movement and transfeMoioe of nutrient matters, aUnsion 
mav here he made to the researches of M. A. Gris on the production and 
utilization of Starch &c. This observer flnds that in vunter-time the 
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medullary rays, wood, and pith are all filled with starch-graina. These 
diminieh in spring, but are afterwards replaced during the summer. He 
concludes from this that there are two special movements of the nutrient 
substances, as illustrated by their formation in summer and their absorp • 
tion in the following spring. 

Sect. 5. EiiABOBATioir of the Food. 

776, When green plants are placed in water containing dissolved 
carbonic acid, and exposed to sunlight, they give off oxygen gas. 

This may be readily observed in VaUimeria and other submerged green 
plants grown in glass jars, a continuous stream of bubbles escaping from 
the plants when standing in the sunshine. The frothy masses of Con- 
fervffi, borne up to the surface of freshwater pools in sunny weather, by 
the entangled bubbles of o.xvgen, afford another common instance. 

The absorption of carbonic acid, and the elimination of oxygen in the 
case of aquatic plants, and also in that of leathery leaves as in the Cheny' 
Tiaorel, where there are comparatively few stomata, take place on the 
upper surface only. 

777. Where no carbonic acid exists, as in boiled or distilled water, 
no oxygen is liberated. LwiiV shoots remaining attached to trees, 
but enclosed in close glass glolies, increase the percentage of oxygen 
in the globes when exposed to daylight; and cut shoots with the 
lower ends placed in water containing carbonic acid in solution, give off 
more oxygen than if the lower ends dipped in water devoid of aciB. 

The oxygen exhaled by leaves &c. is formed at the moment of its 
liberation; for Conferveej which have no air-passages, and other plants 
which have had their air-passnges exhausted by the air-pump, give 
oflF oxygen under the above circumstances. Fragments of leaves 
jierform the same function so long as their organization is uninjured, 
while the destruction of the cells by pressure &o. stops the action. 
The epidermal cells (§ 633) exhale no oxygen. 

The unlike influence of the different rays of the spectrum is very re¬ 
markable. According to Draper, whose observations have been confirmed 
by numerous observers, sunlight acts in proportion to its illuminating 
power in the deoxidating process; which appears to be just the reverse 
of what occurs in the lediming action of light utoh silver. The yellow 
rays are almost as powerftil as white light: while the more refrangible 
rays, blue, violet, &c., have little or no effect on the emission of oxygen, 
though it is probable they may exert great influence on the chemical 
tnmsformations which follow that process. In peen li^ht the leaves 
emit carbonic-acid gas, as in darkness. Diffused light is rich in the more 
refrangible rays, and hence causes a scanty emission of oxygen. Frillieux, 
however, asserts that the amount of oxy^n emitted by light of difierent 
colours is in direct proportion to their illuminating-power, and that the 
effect of the yellow and red rays in causing the diswgagement of oxygen 
is due to thmluminoiM intensity. A corresponding fact has been noticed 
witii regard to the evaporation of water, so that the two phenomena 
woidd appear to be in some way connected. 
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778. The cjnantij^ of oxygen giTcn off beare a definite proportion 

to Ihe calrbomc acid bv a plai^ ^; but excesa of carTOnic add 

HKtoomM cibnoxionB to health. 

779. It would appear that nitrogen is also given off by plants ex¬ 
posed to sunlight. Draper observed considerable quantities exhaled; 
and Clooz and Crratiolet noticed more than was attributable to air 
accidentally present in the intercellular passages. 

Boiusingaelt asserts that in the case of marsh plants a small proportion 
of carbonic oxide is exhaled by the green parts oi plants, but probably not 
under normal conditions. 

780. When the in^flucnce of the sun is withheld from green nlants. 
they cease to ave o# oxygen ; cOTbonic a^ is now not absorbed but 
eximle^ oxy^n being ^^rbed from the surroimding mc^umr “* 
“"Some entire plants (Fungi and parasites) and certain parts of most 
others (roots, flowers, germinating seeds, &c.) absorb oxygen at aU 
times and exhale carbonic acid. 

The carbonic acid given off from the interior of stems, roots, &c. 
by day is probably reabsorbed and decomposed in the green‘parts 
before it arrives at the surface of the leaves. 

According to l)e Sanssnre, if a plant is kept in a perfectly closed jar 
containing a measured quantity of atmospheric air, for several days and 
nights (an equal number of each), no rhange is found in the volume or com¬ 
position of the air; the plant has exhaled oxygen by day and absorbed it 
by night, and exhaled carbonic acid by night and decomposed it by day, 
in equal proportion. But if this plant is watered with solution of car¬ 
bonic acid, or this gas is added to the air, the quantity of oxygen in the 
air becomes increased. Under ordinary cjrcumstances the leaves decom¬ 
pose by day inuch morecorbonic aeia than they exhale by night. Tne 
disengagomont of oxygen fias been observed m some tquanc plants to go 
on in the dark for some hours after exposure to the sun. The sun’s light 
is thus stored away in the plant and rendered available in some form or 
other when wanted. 

781. If plants are placed under snob circumstancos that they cannot 
decompose carbonic acid and exhale oxygen (by excluding light from 
them), they never acquire proper development; no green colour 
appears (they are etiolated), little or no woody matter is formed in 
the walls of the cells, and the whole energy is consumed in pushing 
out weak watery shoots; scarcely any of the peculiar resinous, mUky, 
or other secretions is produced; and plants can only subsist under 
these oircumstonees when supplied with organic nutriment. 

We see this when shoots are developed from Potato-tubers in the dark, 
in the oultivatinn of Celeiy and other olanched plants, &c. 

782. A moderate addition of carbonic acid to the food of a plant, 
with fr<i 65 «ccesB of light and air, is mostly accompanied by acceleration 
of the nutrient processes and a more abundant liberation of oxygen. 

lifany green plants will flourish in sunlight on water and carbonic acid 
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alone. Saussiire found that the organic matter of plants increased in the 
proportion of 2 to 1 of the carbon contained in the carbonic aeidj the 
oloments of water being combined with the carbon. 

783. Wh en plants arc placed in pnrc nitrogen gas, or in vaeuo^ all 
the fonctionk of voirctation are arrested ; hot onlT do Ibe ctiemical 
actions above noticm cease, but irritability, like that of the Sensitive- 
plants <kc., is lost, and the plant decays. Even shoots separately 
ciidosed suffer in the same way. Tho death occurs especially early 
when the plant is kept in the dark. 

This accounts in some degree for tho injury resulting from roots grow¬ 
ing down too deeply into the ground, as is often observed with fruit-trees. 

784. It apjwars thcreforo that there arc two opm)sed seU of 
operatu^ in which plants have close and important relations to tho 
atmosphere. In the one, occurring when they are exposed to the 
sun’s light, carbon is iixed, which must bo regarded as a process of 
assimildtioii. In' the other, going on .always in the dark, and during 
the day in many jmrts of plants, oxygen is absorbed and carbonic 
acid is exhaled, as in the respimii'on of animals. Tho former process 
is absolutely nccessaiy for the production of now ternary compounds 
(C 310), but tho latter ai)pcar8 absolutely requisite for tho main¬ 
tenance of tho life of the plant. 

The passage of gases, of wliatevor nature and in whichever directioa, is 
dependent on the Taws of diffusion; tho cuticle of the leaf in these cases 
acts as a dialyzor or filleii checking evaporation, but permitting the pas¬ 
sage of gases. 

785. The asaimilativc prnce^, in which oxygen is liberated, ac¬ 
companied by aocumulation of carbon in the tissues, is evidently 
related to the formation of tho remarkable series of neutral ternary 
compounds which constitute the great bulk of tho substanoo of 
plants, and. further, to tho production of the more obscure and far 
more complex and varied scries of substances formed by a further 
removal of o.xygon from tho coiiqwiinds of the first class. 

The composition of the principal constituents of cellular tissues, and 
the sulistancos found in the watery cell-sap, is generally such that they 
may Ixs regarded as consisting of carbon plus the elements of water; but 
it is by no means to bo regarded as settled that they are secondary com- 
pounils formed by the union of water with carbon. 

The formation of crystalline acids, such ns oxalic add &c., is theoretically 
accounted for' by a process of deoxidation. A further deoxidation of 
carbonic-acid gas and water would result in the formation of the different 
carbo-hydrates, cellulose, starch, sugar, &c. A still greater loss of oxygen 
would account for the formation of vc^table fats &c.: thus from six 
equivalents of carbonic acid and five of water wo may suppose starch, 
0„ to he formed and 12 atoms of oxygen set free, 
6C0,+5H*0=C„ H„, 0,+120. 

786. The formation of the neutrail ternary compounds being oon- 

2 c 5 
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Btanlly in relation to the absorption of carbonic acid (CO’) and the 
passage of water (H,0) through the tissues, with tho exhalation of 
oxygen, it has been assumed that assimilation of carbon in tho green 
parts of plants is the result of decomposition of carbonic acid and of 
the combination of the carbon with water. As Liebig, however, indi¬ 
cated, water is far more easily decomposed than carbonic add, and 
perhaps the oxygen may bo derived &om that, its hydrogen uniting 
with carbonic add. 

There is no evidence to show which view is correct. In tho next 
place. Draper regards the decomposition of carbonic acid as a process 
resulting fix)m contaet-artion or fermentntion excited by the nitro- 
gemus protoplasm, accompanied by a waste of the latter, in which 
nitrogen is liberated. Mulder, on tho other hand, believes that the 
carbonic add enters into combination with some substance existing 
in the protoplasm, .and that the oxygen is set free by the decompo¬ 
sition of this compound; for example, ^ihat chlorophyll is produced 
continually in sunshine, tho wax assodated with this being formed 
from starch, accompanied by a separation of oxygen, that this oxy¬ 
gen partly escapes and partly oxidizes the chlorophyll substance, 
and causes it to become green. 

Of these views. Draper’s appears tho most worthy of credit, as 
agreeing best with the phenomena observed in the cell-contents. 
Chlorophyll does not originate fi^ starch, bnt usually vice versd ; 
and it is quite admissible to assume a deoxidating contact-action of 
the protoplasm under the influence of light, when we obseivc a 
distinct oxidizing contact-action of the same part of tho cell-contents 
in the dark, as in the decomposition produced by the growth of the 
Teast-plant (§ 740). 

787. As to the nitrogenous constituents of plants, we know little 
at present beyon3 (he lact that tScy ori^allY exist in the form ol^ 
proto^asmio substance, which. Mcording to Mnldcr. consists of modi¬ 
fications of the substance called proteine, known as vt^tablo albu¬ 
men, fibrine, casdne, &c. They constitute tho substance of the 
primordial utriclqi.(§ 59G), the chief agent in development, and the 
protoplasm (§ 597), on which chiefly depend, in aU probability, the 
vital and chemied activity of the cell-contents. These have the 
power of decomposing oiganic compounds by contact-nctiori, and per¬ 
haps of causing new organic combinations. How they originato 
themselves is unknown; but it appears inost probable that their 
source is either ammonia in combination with organic substances, or 
in some cases rritratos; and it is most probable tiiat there is grorrnd 
for Mulder’s opinion that all actively vegetating cells (containing 
protoplasm) nre capable cf directly assimilating orgam'c matters to 
some exteal^ whether e.cposed to light or not (§ 741). 

This seems borne out "by the imiversal presence of tiiese nitrogenous 
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compounds in actiTelv Tegetstinf^ celk, in roots, parts of the floYYor, in 
cambium, &c., as well as in green organs. That the crude mp ($ 771) is 
found to contain uncombined ammoniacal salts high up in the stem in 
spring may result from the activily of the currents of fluid allowing part 
of them to flow on undecompused, while a part only is assimilated in the 
roots. 

Proteinaceous matters, it may now be stated with some confldence; 
originate in the colourless protopla^ from the decomposition of sugar 
and ammonia salts in the same manner as starch is formed in the cljloro- 
phyll under the influence of light. Pasteur induced the formation of 
pnitoplasm in ycast-cells by supplying them with a saccharine solution 
and a nitrate or ammonia s^t. 

Our space compels us to restrict this Section within narrow limits, and 
we are obliged to omit any special reference to the application of toese 
generaliiiatiuns to the explanation of the facts of^Vgriculture*. The whole 
question is in a state of transition ; much progress has been made in ac- 
eumulatiug &cts, but few jioints have been absolutely ascertained. The 
student is recommended to study works on physics and organic chemistry. 
Vegetable physiology is dail/'beooming mdre and more a sulgect for the 
physicist and chemist; and without a knowledge of the subjects treated of 
by’students of these sciences, progress in vegetable physiology is impossible. 

Sect. 6. Dbvelopjirnt and Secretion. 

788. At the commencement of the periods of activity of plants, as 
when they shoot up from seeds, or when the new shoots are pushed 
out in spring, the whole product of the elaborating processes is 
devoted to the formation of new structure, to development. As the 
season advances the cell-forming activity slackens, the permanent 
tissues Imcomo consolidated by the formation of secondary deposits, 
and the parenchymatous tissues appear loaded with accumulated 
products of assimilation, such, os chlorophyll, starch-granules, &e., 
which in annual plants are subsequently consumed in the matura¬ 
tion of the seeds, and in perennials arc gathered together in autumn 
and stored up in those tissues which are to carry on the development 
in the succeeding season. 

789. The phenomena of development have been snfficiontly dwelt 
upon inoidontally in preceding Sections (§§ 692-709 &c.); but we 
have still to speak of certain processes, occurring more or less ex¬ 
tensively in plants, contemporaneously with development, in which 
prodnots are formed which are not, like starch, chlorophyll, &e., 
evidently transitory forms of assimilated substance. These sub¬ 
stances, called by the general name of secretions, are of most varied 
kinds, and their relation to the economy of vegetable life is still very 
obscure; hut a brief notice of the most stril^g of them is india- 
pensable. 

* The student will find a useful eummaiy of Shentical science applied to 
agriculture in q,little work called ‘How pjope grow’ (Madtiillan). 
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A distinction i» scanetimes made between the peculiar products found 
in the interior of cells, and those which are accumulated m certain cases 
in intercellular passajres or cavities, or upon the outer surface of cell- 
membranes, the former being called secretions and the latter excretions . 

790. Tho principal substances secreted by plants are air, water, 
gum, sugar, volatile oils, balsams, resins, gum-resins, and salts, 
either entirely inorgiinic, or formed of combinations of mineral bases 
with, organic acids &c.; besides these there occur in individual 
Orders a multitude of alkaloids, neutral substances of various kinds. 

Ion ring-principles, &c. 

791. The liberation of gases in intercellular passages, cavities, &c. 
(^041) occurs both as a necessary accorapanimont to the chemical 
decompositions going on in the cells, and as a special process con¬ 
nected with peculiar habit of idants &c., as in the Utrleidaria 
(§ 470), in the air-sacs of Fueus vesicu/osiis, &c. The composition of 
the air found in the cavities of plants ijccessarily depends upon the 
external conditions, as under sunlight there is generally a gseatcr 
proportion of oxygon than exists in common air, in the dark but 
excess of carbonic acid. 

792. Water is given off in a liquid form by various plants, cither 
from glandular papilltc, or from’ the general surface of leaves &c. 
In ^Nepenthes disliUiitoria, Sarraemia, &c. water is secreted in the 
piteliers (§ 101) wherein it accumulates. The loaves of various Mu- 
sacem, Araccm, Grasses and other Monocotyledons, Tropceohim, fm- 
pntiens, Brassica ohraeea, &c. give off drops of water from the leaves. 
In Cidadiwn there exist orifices at tho points of the leaves, commu¬ 
nicating with internal canals, whence great quantities of water flow 
(half a pint in one night). This water is of course contaminated 
with salts and small quantities of soluble organic matters. 

793. Gum is usually poured out into and accumulated in inter- 
cellular passages, as in the’ Cycadaoea), in the bark of the Aca(!ias, 
Clierry, &o. '^on it is formed in large quantities, it bursts the 
tissues and exudes in the form of tears. The formation of the gum 
Tragacanth in the species of Astrapalm is different from this, con¬ 
sisting of coUcnchymatous thickening of the cells of the pith and 
medullary rays, which swell by absorption of water, and burst out 
from the stem under certain circumstances. Tho peculiar organs 
called cystolithes (§ 612) have a gummy excretion as a basis, in the 
form of a davato body, suspended in tho interior of an enlarged cell 
by a cedulosc pedicle; when mature these bodies are covered with 
crptale of carbonate of lime; they are especially common in Urti- 
caeofp.'SS in Ficus elastiea, Morus, Ermumnetia, &c. 

794. Hnpir. commonly ooenrriug as one of tho soluble forms of the 
assimilafed ternary sutetances, is oceasionally excrotedj pspeoially 
from'the parts of flowers, 8ach |us the so-called nectaries. Through 
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evaporation of water the sugar eometinics appears in a crystalline 
form. 

Sugar occurs commonly in the coroHa-tnbea of monopctalous flowers 
(Lilac &c.),'on the nectariferous coronet of various plants, on the glands 
of petals like those of Manuncuhia, Partuusin, &c., or in pits in tho same 
situation, as in some Lilinceso. On the leaves of varions epccics of Aeacia 
occur glands secreting sugar; and the same is the case in species of 
C/eriHlendron, Lannistinus, the lower surface of young leaves of Prunus 
Lnuroeerama, &c. Varions spocieaof Ash (Pi’asrwm) and TVrmnWa;excrete 
a gnmt quantity of saccharine substance under the form of mamta. 

The Wounds inflicted by insects (Aphia) also cause excretion of sugar 
from leaves, forming “ honey-dew.” 

71*5. Tho volatile oils are extremely numerous. They aro ordi¬ 
narily 8e<*retw'l in gl.mds (§ 045), either external or internal, situated 
ou the herbaceous parts of plants. They arc rarely pure substances, 
the essential oils usually containing dissolved resinous matters, cara- 
phoi;, or active principles orvariotis kinds. The odours of plants and 
many of their most important (pialities depend upon these secre¬ 
tions, which arc generally peculiar to particular genera or Orders of 
plants, and not nnfni(]uently differ in slight degrees, so as to bo 
characteristic of paTticnlar sjwcics in an Order. The chomistty of 
the formation of these bodies is stiU very obscure. Some arc hydro¬ 
carbons ; others contain oxygon in addition; and sulphur plays an*im- 
portant part in many, especially in the Cruciferm. The only gtmoral 
•statement which can 1 k> iniwle is, that tho majority of tho essential 
oils contain less oxygen in 2 )roporti<)n to carbon and hydrogen than 
the dextrine and the other neutral ternaiy compounds, and that their 
production stiinds in a certain relation to the access of sunlight to 
the plants. 

The Labiato -with their external epidermal glands, the HypericaceaB 
and Aurautiacem with their inft-vnal glands, tho irmboUiferoB with the 
oleiferousvittK! in the fniit,th» IWhintliaceas, Ilutacere, &e. are striking 
instances of die occurrence of essculial oils in particular Orders. 

70fi. Resins, solid or fluid (balsams), arc very varied. They occur 
chiefly in intercellular iiassngcs, or in groujis of -colls especially de¬ 
voted to the secretion of these products. Very little is known of 
tho processes of their formation; hut the same generalities apply to 
them as to the essential oils with which they are not unfrequently, 
associated. 

Among the resin-producing Orders maybe noticed especially the Coni- 
fewB, the Ijeguminosic (Copaifera, Myroxifhit, &'c.), .\myridacea), Gutti- 
forse, Styracem, Terebiuthacefe, Liliacem (Aloe, XantAorrAea), &c. 

797. Bfflinous and wtoy matters a re found in considerable abun¬ 
dance o^TnesSJacTorTEeleaves^ fruits of many plants. It is not 
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clear at present how far these are to be regarded as proper excre¬ 
tions or as chemically metamophosed epidermal stratturos. 

Under this head falls the waxy coat of leaves and fruits which exhiint 
what is caUed a “bloom,” aa the leaves of Primulaceaa (P. Attricuia, 
&c.), MesemhryanthacesB, the fruits of the Plum, Myricacem, &c. The 
wax of the Wax Palm (Cerosykm) is formed in flakes upon the surface of 
the stem. 

798. Wax and resinous matters occur on the outer coat of the 
pollen of flowers ; and the viscid surface presented by the epidermis 
of many plants, such as Lt/cJinis Vhcaria, some 8ilen.es, &c., is attri¬ 
butable to similar causes. 

799. The so-called milky luiees (latex) occurring in specially 
modified intercellular passages (§ ft49) are of complex composition, 
containing essential oils, resins, gum-resins, starch-grains, extractive 
mattSrs, alkaloids, proteinaceous compounds, &c. suspended in water, 
forming a kind of emulsion. They are not opaque and milky in their 
natural state, but become so when exposed to air, and mostly assume 
a transparent resinous character when their watery constituents 
evaporate. 

Very different opinions have been expressed as to the nature of 
latex and the vessels containing it (§ 649). By some it has been 
considered a nutritive fluid analogous to arterial blood, by others 
as of purely exeromentitious nature. A third notion is founded on 
the comparison of the fluid in question with venous blopd. Probably 
that view by which it is regarded as a fluid containing, mixed with 
matters of a directly nutritive character, others which are excremon- 
.titious in their nature (Sachs, Hanstein) is the most correct. Trecnl 
holds that the laticiferons vessels are the analogues of the veins, and 
their contents equivalent to venous blood. He traces a contact and 
inosculation of the laticiferous vessels with the pitted ducts and 
other vessels. Latex from this point of view would be the residue of 
the sap after elaboration by the cells—the caput mortmim of the sap. 

These mcos abound especially in particular Orders, as in the Papa- ’ 
veracesB, Euphorbiace», roots of Cichoracem, Apocynoceoe, Urticaceee, &c. 
Amongst the most important substances obtained by evaporating them to 
dryness are:— ctrium f rom Pupamrsonmiferum, and camtMimui from various 
Euphorbiacece, U rticacese, and Apocyn^ss; mttta mrehn from Isotumdra 
gutta, &c. 

800. The sa li ne an^urely minend excretions of plants have been 
already referred to. Tncy occur as mcruAatioM of the cell-mom- 
branes, as silica in the Grasses, Equisetacess, StellatsB, &c., or car¬ 
bonate of lime in Charas, Oomllineas, and in smaller quantities on the 
leaves of various Saxifrages. Crystals {raphides, § 611), either of in¬ 
organic salts, or compoflhds of organic adds with lime &o., are fre¬ 
quently met with in the cellulaiT tissues; but very littlq is known at 



TEffETAirVE MOTTIPLICATIOST. 579 

present of the natnro of their relations to the chcihical processes of 
vegetation. ' 

The close relation of the vegetable oi^anic acids, oxdic, malic, citric, 
&c., to carbonic acid, water, and the ternary assimilated substances has 
alrc^y been alluded*to. 

Tannic acid or tannin, 0^ Hjj 0„, is a very frequent constituent of the 
woody tissues when their vital activity has ceased, and is perhaps a pro¬ 
duct of decomposition. Oak, Sumach, Rtm* Coriaria, Acacm Catechu, &c. 
owe their tanning-properties to this substance, which occurs more or less 
abundantly in all old structures of ligneous plants. 


CHAPTER V. 

REPRODUCTION OF PIANTS. 

Sect. 1. Veoetauve Muitiplication. 

801. It is a remarkable characteristic of fhc Vegetable Kingdom, 
shared, indeed,by some of the lower animals, such as Sponges, Polypes, 
&c., that their oi^niring forces are diffused throughout their struc¬ 
ture, whence results not only great repetition of similar and, tp a 
certain extent, independent parts in the same plant, but a capabiitty 
in those parts of surviving when separated from the parent stock, 
and becoming the foundations of new plants. Through thm condition 
of the organization a rises the possibility of a m^tipKeation of indi¬ 
vidual plants hr siinplc subdi^sion of the vegetative structure of . 
& single specimen —^a process whlcli is not only universal through¬ 
out the Vegel^le Kingdom,-but in many coses is so frequently 
and abundantly manifested ns to throw the proper reproduction by 
seeds or spores into the background. 

As will bo seen hereafter, the spores of some Families are really formed 
by a kind of vegetative m^tiplication intermediate between the proper 
reproductive process and the development of the new plants; but it will 
be more convenient to examine those cases in connexion with the forma¬ 
tion of spores and seeds generally, and to confine our attention here to 
what are distinctly and evidently bud-structures. 

802. The modes of vegetative multiplication of plants necessarily 
depend essentially on the organization of the sjiecies; accordingly as 
the vegetative stmotnros present more or less complexity, so are the 
“ buds ” more or less developed at the period when they are detached 
from the parent. 

803. In the Thallophyta, where the entire organization is cellular, 
and no leaf-structures exist, the buds or gAnnim are cellular struc¬ 
tures, more or less complex, aooordivg to tho’condition of the parent 
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thallus. Wo have examples of the simplest kind of mnltiphoation in 
the lower Algae, such as Palmellem (§§ 544,649), Lesmidum (§ 660), 
&c., where the plants are continually'undergoing propagation by divi¬ 
sion of the constituent cells. In these cases such multiplication ap¬ 
pears to represent the vegetative growth of higher forms, and a true 
reproduction, Avitli formation of spores, recurs periodically to mterfupt 
the simple cell-division, in a manner analogous to the recurrenco of 
flowering, after a certain extent of vegetative growtii, in the higher 
plants. 

In the Fiin ari many kinds arc abundantly propagated by eonidia, 
or simple cells ootached from the mycelium, as is the case in wio 
growth of Yeast (fig. 4fi8), in the propagation of the Vine-fungus, 
&c.; and in all probability the Fungi generally may be increased 
by artificial division of the thallus, as'wo see it practised in pro- 
pagiiting the Mushroom, the Vinegar-plant, &c. In the Ljetens 
there is a proper structure to which the vegetative multiplication is 
confined, viz. the ^onidia . the green cells formed in the mediiUary 
layer of the thalltS^wIuch frequently break out from tlie surface and 
become free, especially when the plants are exposed to excessive 
damp. In the Alga; the vegetative multiplication exhibits very varied 
dharactors. In the Confervoids (p. 436) wo have the zoospores 
(fig 4(55, C, d, and fig. .535), as also in the PhceosporoiE: and tEo 
utraspores of the llhodospennea) and DieiyotaoeiB probably have the 
same import; but in addition to this, the thallus is commonly 
multiplied, especially in the larger forms, by the growth of a number 
of new thaM from the sides or t^io base of an old plant, and their 
subsequent separation by the decay of the parent thallus. 

In the above cases we see the double representation of the vegetative 
process which occurs in so marked a manner in the higher plants. “Wo 
have increase by simple and pmo subdivision of ordinary vegetative 
structures, and, besides this, we see varied modifications of the vegetative 
c^ells specially organized to fit them for being thrown off spontaneously 
(ffonu&a &c.). 

804. In tho Hcpaticiip and Mosses the propagative struoturcs do 
not arrive at the condition of although the parent plants 
have leafy stems. Tho oemMi® of these (Hasses are merely c^ular 
nodules, more or less developecT in different oases, and only acquire 
leaves after they have become independent. In tho Jungerman- 
niaceec th^ arc developed on the leaves, or in place of fruits. In 
Marohantiaceffi they are found in cup-like receptacles, being espe¬ 
cially frequent when the plants grow in damp, shaded localities, a 
number of them (Bpringi% o^nally from a single cell) lying in 
the cup like eggs in a nest. 

The Mosses produce 'r/emmm from all parts of their structures— 
from their leaves, stems, metamorphosed fhut-oigans, and, above 
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all, from thread-like runners which shoot out &om tiie base of their 
stems. When their spores germinate, they also form first a mesh 
of confervoid filaments, each joint of whidk often gives birth to a 
leaf-bud (fig. 544). 

805. ,TheForag^ and allied Classes agree more closely with the 
Flowering planis in their vegetative propagation, forming leaf-buds 
in cases where they increase in this way; but there is a connexion 
with the Mosses &c. in the circumstance that their gemma appear 
more frequently on the loaves than is the case normally in the 
Fhanerogamia—as, for example, in AxpJmium rhizophyllum, where 
the leaves root and form buds at their tips, Cystopteris bullnfera, in 
which bulbils appear on the pitiole, &c. 

806. In the Phanerogamia the rule is, that every leaf-bud may be 
separated from the parent stock, and, if properly treate^ reMed info 
a new plant ; morrever. iiT a vast number of' ca^. the leaf-buds are 
naturally modified in certain details of their structure, so as to pro¬ 
tect them from external injury, and then thrown oflf spontaneously 
by the parents to multiply the kind. Many of the cases of this 
phenomenon have been described in the first part of this work under 
the head of Morphology of Stems (§ 40 et seq.) and Buds (§ 106 et 
geq.). Wo have there spoken also of the formation of advewtitmix 
Jivds (§ 109), and cited numerous examples, strongly indicating that 
relative independence of the ports of the organization of plants 
referred to above. 

807. Adventitious buds are formed mostly when a plant or part 
of a plant loaded with assimilated nourishment is deprived of its 
natural developing-points. Thus we see abundant formation of adven¬ 
titious buds on healthy trunks of trees which hove been pollarded, 
i. e. have had their heads cut do^vn so as to remove almost all their 
natural buds. The abundant 'supply of food existing in the trunk 
stimulates the ccUs of the camUum-region (§ 666) into extraordinary 
development, and true leaf-buds are produced, which form vents for 
the vital energy of the plant. This power exists even in the roots 
of many trees, as in Maelura aurantiaea, Pyme japonica, &c., frag¬ 
ments of which in a healthy condition may be made to produce new 
plants. 

Mention has been made of the formation of adventitions buds on 
leaves (§ 109), which has been dbsorved frequently in wild plante, 
and is artificially induced in many coses as a means of propaga¬ 
tion. As a rule, leaves are less prone to produce buds thw stems 
or even roots, as might be expected from the more actively changing 
state of the contents of their tissues, and the usual absence of any 
gr4R aocumnlation of assimilated substaifte, sudh os is r^ularly met 
with at certain periods in the stem and root. 

That strikins characteristic of vegetables*which disnlavs itself in 
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the physiologictd independence of the leaf-buds, renders the vege¬ 
tative propagation of plants a most important feature in their history, 
both in a natural and, in a still higher degree, in a cultivated con¬ 
dition. 

A brief notice of some striking phenomena illustrative of the spon¬ 
taneous propagation of the higher plants may be given here. 

Various herbaceous plants are multiplied by spontaneously detached 
axillary leaf-buds; of this we have faiiiihar examples in Liliutn hJbifemm, 
Deniaria htdbifera, and the cultivated species of Achitnenes. Similar pro¬ 
pagative buds are often produced insteml of flowers in the inflorescen «!0 
of the species of AUium (Garlic &c.), both in a wild and cultivated con¬ 
dition ; and the same is the case with some other plants, such ns Pdygn- 
num vteiparttm &c. 

The multiplication of bulbs by “ eloviw,” or axillary bulbs produced in 
the axils of the scales of the parent bulbs, has Ijeen described in a former 
chapter (§ 47) 5 and there also have been mentioned the structures called 
tubers, formed of modified stems, which are important agents in propaga¬ 
ting the plants in which they occur. The Potato, for instance, lomis 
tubers from its branches, the “ eyes ” or buds of which may be separated 
and mode to produce each a new plant; and the Jerusalem Artichoke, 
Dahlia, &c. are similar in this respect. The terrestrial Orchids, such as 
Orehis Morio (fig. 20) &c., are not mulHplitd by their tubers, but only 
continued from year to year, since only one new “ eye” is formed annually. 

Still more frciqiient,' perhaps, than the formation of bulbils, bulbs, or 
tubers, is the development of leafy shoote peculiarly organist^ for the 
purpose of propagating the plant which bears them, 'commonly compre- 
nended under the names of oflTsets, stolons, runners, &c. Almost every 
gradation of condition occurs here, between the divisible rhizomes of 
such plants as the Daisy, Primrose, &c., the “ nmners ” of the Strawberry, 
ValUmeria, Ilydrocham, &e., the oflsets of Ilouse-lecks, Stratiotes, aiid 
the rosette-like stolons of Ppdobia, &n., which approach to the axillaiy 
bulbils of Achimenes, and connect all these forms With the subterraneous 
bulbs, corms, and tubers. 

808. The artificial propagglion of planta by division is effected by 
a variety of* igoceMes feiinded on the s^c physiological laws as 
the natural multiplication by detach^ tiuds &c.; it aSsoTncIndca a 
^uliar class of operations, in which the now plants arc not con¬ 
verted into absolutely independent stocks, but are mode to assume a 
pseudo-parasitical habit upon other plants, whose roots furnish therm 
with that portion of their nourishment which is derived from the soil. 

In the simple propagation, advantage is taken of the vital activity 
of the camhium-re^on tq stimulate it to the production of roots, in 
the gardening processes of propagatiou by $Ups or euttinys, layers, &c. 
In the production of pseudo-parasites, as in budding and grafting, 
the woody structure^ of two dktinot plants are made to become in¬ 
timately blended by bringing into immediate eontaet the cambium- 
structures of both, at points where the cellular tissue is in an active 
state of development. 
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809. Cuttinfis or ^tpa are ordinarily fragments of stems consisting 
of young wood, bearing one or more buds. These are planted in 
earth, and in some cases require no especial care to make them pro¬ 
duce adventitious roots from the cambium-region, as in slips of 
Willows, and many common, soft-wooded plants. Mostly, however, 
it is necessary to stimulate the vegetative action by a slight degree 
of artificial heat,—^in all cases, however, guarding against drought; 
so that, as a general rule, cuttings are made to “ strike ” root best in 
an atmosphere where the watery vapour is confined by a glass cover¬ 
ing. It is a matter of indifference whether a cutting having a 
number of “ eyes ” or buds is planted with the head upward or isuth 
the summit buried in the soil, and the lower part left free. In the 
latter ease, the ordinary direction of growth of nil the new shoots 
becomes reversed. 

It has been stated above, that by careful management plants may be 
raised from cuttings of roots, and even from leaves (§§ 109, 807) made 
to produce adventitious buds by artificial stimulus. 

8lb. Layers only differ from cuttings in the circumstance that 
the fragments ^ be detached are made to strike root before they are 
separated from the parent stock,—usually by bending down the 
branches and burying them iu a portion of their course in the soil; 
an incision is usually made into the wood in the buried portion, 
which causes the more ready production of adventitious roots. An 
analogous operation is sometimes practised, in which a shoot is caused 
to root high above ground, by surrounding one or more of its nodes 
with a mass of earth kept moist by wet bjmdages or other moans. 

The artificial process of hj/in;/, practised commonly with Pinks, Ver¬ 
benas, Atictiba, &c., is analogous to the natural propagation of the Straw¬ 
berry by runners. 

811. In all the cases comprehended in the above remarks, the 
adventitious roots are formed most readily in the vicinity of buds, 
at the nodes, just as we see them naturally occurring chiefly in those 
situations in creeping plants, such as the Sand-Sedge (fig. 24), Mint, 
many Grasses, &c., which root at every joint that comes into contact 
with moist soil, or in the climbing Ivy, in which the adventitious 
roots forming its organs of attachment to foreign bodies are produced 
in tufts a little below the leaves. 

812. In the operations of buddim and grafting, the parts of the 
parent plant are not made to torm roots formemsdvos, so as to be¬ 
come altogether independent plants,'but are caused to assume a kind 
of parasitical condition, in which they stand in the same relation to 
a strange “ stock ” as they would have held to their parent if left in' 
their natural condition. The detached bud or shoot is made to con- 
traot an organic union with the cambium-region of a foreign stem, of 
which it becomes, os it were, a branch, deriving its supplies of root- 
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nourislimcnt firojn it, and subsequontly sending down in return elabo¬ 
rated juices to contribute to the sustenance of its fqstcr-parent. 

It is important to note, however, that in the case of distinct plants 
thus combined, they exorcise no wnreciafto mfiuoncg over 

owh otker in rogara to modi^ng the characters of oaclT ; 

{lie oannexion merely afects the” scion and stock in the d(^ce of 
activity of the general physiological processes of nutrition &c. Scions 
grafted on stocks of more enduring character acquire greater vigour 
and fecundity; but the products of the buds of the scion in the great 
majority of cases resemble in kind those of tlioir parent, while the 
stock continues to grow in its own way. 

The influence of the scion on the stock, whatever it may be, is rendered 
less noticeable in practice from the fact that its buds or branches are always 
removed after the stuon has “ taken,” in order to concentrate the sap in the 
latter; if allowed to develope, the branches of the stock formed below 
the scion mostly remain unaflbeted by the stranger which has settled 
above them. 

t 

813, A certain amount of nhysiologpcal influence of the stock 
over the’seion is sli Wn to~e:yt by~such facts of horticultural ex- 
penonco as that the fruit of tlie Pear is smaller and more highly 
coloured when “worked on” the Quince or Medlar than when 
grafted on Pear-stocks, and is earlier when worked on the Moun- 
taiii Ash. It is not clear here whether the alteration is attributable 
to greater or less vigour of the stocks, or to an influence obstructing 
the return of elaborated sap towards the roots, arising out of differ¬ 
ence of texture of the wood. On the other hand, the sdon has 
been in a few cases obsen^ed to affect the stock ! It is well known 
that the variety of the Yellow jasmine with variegated leaves, budded 
on a plant with healthy green leaves, causes the gradual appearance 
ef variegation throughout the whole of the foliage of the plant. Thu 
same phenomenon has been witnessed repeatedly in the case of varie¬ 
gated kinds of Abutilon. If a variegated scion of A. Thomsoni be 
placed on a green-leaved stock, the new loaves pushed out from the 
latter become also variegated. If a green scion be placed on a stock 
of the variegated Abutilon, the new leaves of the scion become varie¬ 
gated. Further, if the variegated scion be removed from the green- 
leaved stock, the latter no longer produces variegated, but only green 
leaves. A still more striking phenomenon is the production of a 
hybrid Laburnum, by grafting Cytisug purpureas upon the common 
Laburnum. The cases seem well authenticated, and will be referred 
to under the head of Hybridation. 

814. BiMina consists in attaching the bud of one tree upon the 
devdo^gwoou of another. •. For this pqrpose the bud is removed 
fi-om its parent with a, slip of baih surrounding it, bearing oa..itB 
inside a portion of the oambium-tissue existang at the lino of 
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junction of the innemost region of the hark with thp youngest wood 
(§ 666): this is aplied upon the surface of a portion of the cambium- 
layer of tile stow, exposed by slitting its hark and turning it hack 
BO as to form a kind of pocket. The slip of bark is inserted into 
this, BO as to bring the cambium df bud and stock into complete con¬ 
tact, and the bark of the stock is then carefully bound down over 
the wound with btmdages of bast, tape, (kc. The organizing forco 
resident in the cells of the cambium of the two portions causes them 
to grow firmly together. 

815. In a shoot instead of a bud is attached to the 

stock; andTihis is commonly cfifcctcd by cutting off the head of the 
stock (or a branch of suflidont growth) with an oblique surface, or 
with a deep notch oficriug more than one oblique surface; the 
bottom of the shoot or graft is pared so as to fit accurately on the 
oblique surfaces, and in this way considerable tracts of the cambium- 
tissue and young wood are brought into contact—^their cells, how¬ 
ever, being x>ortly end to end here, instead of side by side ifs in 
budding. Union of the growing region takes place exactly as in the 
former case. 

Grafting is usually practised with young woody structures; but 
it is also successfully applied to herbaceous plants with careful ma¬ 
nagement; and some Grasses even admit of being grafted on each 
other, although the operation is generally confined to Bicotyledonous 
plants. 

What is termed InarMig, or “ grafting by approach,” may be compared 
to Ummg (§ 810/: m tms moditicatiou of the process, the scion is 
bfouj^t into union with the stock by bending over or otherwise, without 
being detached from its own stem, and the separation is not made until 
the scion has “taken ” on its foster-parent &c. 

816. It was at one time imapned'that the annual layers of wood 
of Dicotyledonous stems grew down absolutdy and mechanically from 
the buds, of which they were said to represent the roots. It was 
thought, also, that in the cases of grafts, the scions sent down woody 
structure over the old wood of the stock, so as at length to enclose 
it. From the description given above of the horizontal development 
of the cambium-layer of Dicotyledons, it will be seen that such 
notions ore devoid of all ground. Merely fluid matters pass up and 
down in the cambium and bark, and the^only recipro;^ influence 
of stoclf and scion depends on the respective activities of roots and . 
foliage. 

817. The success of grafting depending on the contraction, of inti¬ 
mate union between the cellule structure of the two plants, it cannot' 
be found surprising that, as a rule, it la only between nearly related 
plants that such union i^ possible. If ihe. size of the elementary 
OT^s, tLe rapidity or the exteni'of their periodical multipliiation 
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and expansion,. &c. are nnequal, it is evident tliat no permanent 
coherence can exist: a tissue grovring more rapidlj, would tear itself 
away from one less active. As a general rule, the elementary tissues 
agree dosely in allied species, less closely in genera of the same 
Order, and are very diverse in Afferent Orders; so we find that grafts 
take readily on stocks of their own sjieGies, to a considerable extent 
on stocks of allied species, and to some extent on stocks of genera 
belonging to the same Order. It does nd appear that genera of 
distinct Orders have ever been graited with succeM. ']?tic narasitic 
Mistletoe, liowevcr, attaches itself' by a natural graft to Oaks, Axjples, 
Ac., and even to Conifewe. 

^me as yet unexplained exceptions exist to the inclination to 
union between allied genera. In some cases, also, a temporary 
union is effected, subsequently destroyed by unequal growth. 

Among the Hosacom we see Fears grafted readily on Quinces, with more 
difficulty on Apples, and not at (dl oh Flums or Cherriea Cherries and 
the Oheny-Iaurel readily unite. In the Oleacese we have the Lilac qniting 
with the Ash, the Olive with FhiUyrea, It is extensively practised also 
with diverse species as well as varieties of Mhododetidrm. llie Fear may 
be grafted on the Hawthorn; but the former nows so much faster than 
the latter that the communication between the two becomes interrupted 
in a few years at the point of junction. 

S18. The practices of grafting and budding are principally carried 
on, like propagation by ^ps &e., for the multiplication of varieties, 
which are, for tho most part, grafted on other varieties, or normal 
specimens of their own species, these being far more healthy and 
permanent than those grafted on allied species. The multiplication 
of esteemed varieties of Hoses, fruit-trees, &c. is chiefly effected by 
this means, tiie object being to produce specimens imomising in¬ 
creased hardiness Ac., or to obtain' size and fertility earlier than 
could occur in a plant raiscri from a small cutting. 

The Feach is worked on the Plum in Britain, because the latter is a 
native of this climate and is stimulated to growth in spring by a lower 
temperature than the Feach (fium Persia); it does not succeed well here' 
on Almond-stocks. The Fear seems to succeed better on Quince than gp 
Pear-stocks in loamy soils; and other instances are well kno'wn..tq 
gardeners. 

In addition to these circumstances. Fears, Apples, and other plants 
which may be easily grafted do not readily root from cuttings; more¬ 
over esteemed varieties of Bose &c. are quiduy multiplied as 'tetibdaids ” 
&C. by budding them on briar-stocks already of several years’ growth; 
and, m the case of new seedlings of fruit-t^s, buds inserted on fiill- 
grown stocks are brought to flower and fruit in a few years, while, if left 
to grow up into trees alone, tweu'ty years or more might elapse before 
th^ bore a cn^. 

Certain phenomena o£< grafting which are observed in practice caimot 
be Mly explamed by our present knowledge, but doubtless depend on 
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causes dmilar to those just adverted to; among these are ^e facts that the 
Orange succeeds better on a Lemon st^k than on one <k its own species, 
while the Apricof does better on it|pwn species than on the Plum, &c. 

The influence of the physiolofncal conditions of the stock upon the 
scion is turned to account by garaeners in producing a dwarfer “ habit ” 
and an earlier and more profuse production of fruit'. Thus Apples grafted 
on the low-growing “ Paradise stock ” assume the dwarf habit of the stock 
and become more prolific. So Fears on the Quince-stock not only are 
dwarfed in size but produce fruit much more abundantly than when 
^wn on their own roots or grafted on another kind of Pear. Gardeners 
often practise “ennobling’’ fruit-trees, where buds and grafts are attach^ 
imon stocks of good varieties of the plant in preference to wild stocks. 
Thus Apples are said to be much superior when grafted on stoc^ of good 
varieties instead of on Crabs &c.; and a kind of “ crossing ” of the qualities 
of varieties has been attempted on this principle, grafting kinds which 
boar sickly-flavoured Apples ujam stocks of rougher varieties. Jargonelle 
and “ mellow” Pears upon later, gritty varieties, &c. “ Double grafting” 
is done when it is desired to secure a particular kind of fruit which vnll 
not unite or graft with the ordinaiy stock; thus a Pear may be grafted 
on a Quince-stock, and on tlio scion may be grafted another Pear, which 
will not unite directly with the Quince. Further details on the suUect 
of grafting, a most important and interesting one, must be sought in hor¬ 
ticultural works. 


Sect. 2. Sexual ItKPUonucnoir. 

Preliminary Observations. 

819. In almost all plants tho greater port of the active existence 
is passed in tho development of vegetative oi^ns, iucreusing the 
bulk of the individual, or occasionally also accompanied by multipli¬ 
cation of the plant by mere subdivision into parts. But at certain 
epochs another tendency manifests itself: tho energies of the plant 
become concentrated in the formation of what are called reproductive 
organs, for the purpose of producing and matuiing those independent 
germs of new individuals of the species, called spores and sekls. 

The formation of reproductive structures bears a very interesting rela¬ 
tion to the vegetative development. Genemlly speMing. the repro ¬ 
ductive Me only formed when Ihe Vegetative siructuies have 

liMome hemthUy developed so m to accumulate a certain amount of assi- 
milatea ^lier m the substance of the plant; we observe tlmt many 
garden plants grown in unfavourable soil in shady localities &c. will not 
'^flower; and the number of years that elape before the flowering of such 

E lants si the Agave, Taliput Palm, &c. varies with the more or less 
tvourable climate and soil; moreover in ordinary cases tlie flowering 
takes place at the dose of the season of growth (except where the flowers 
emerge from buds provided for by the previous year’s vegetation, as in 
Apples &c., in biennial aud many perennial herbal This indicates that 
vwur of the vegetative organs is a necessary condition of reproduction. 

f^irther, repr^uc^n is an exhaiistog process : it kills annuals: and 
excessive firmang exhausts peiennuu plants. ~ 
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At the same time the reprodactiye tendency and the vegetative ten¬ 
dency appear contraBted bm opposed to each otner : for repkaLutition Ts 
^ien retarded and replaced bj ia^ developinont of vegetative struc¬ 
tures when plants are placed in too mvourable a soil, especially when too 
freely suppUed with water; atad rankly growing plants are frequently 
mode to newer by gardeners by cutting the roots, confining them in 
sm^ pots, or liniitiug the supply of water. 

820. The reproductive bodies produced by plants arc cither de¬ 
veloped at certon ^oclis m)in structures origitu^y belonging to the 
TOgCTative systenu pr they are formed'm fecial'oramis. In ^ic 
lower Algas we find flie cells, as those oi the filaments of (Edogonhim 
(fig. 635), or Spirogyra (fig. 4fi5, a), originally true vegetative cells, 
and at a certain stage of growth resolved into reproduetivo cells and 
producing sjiore* from their green contents. As wo rise in the scole, 
among the Thallophytes, we soon find sjKJchd cells {PeniciUitim Jirc., 
fig. 408), or groups of cells, exclusively vegetative or exclusively 
reproductive. In the higher Ciyptogamia, assemblages of organs 
of various kinds are formed upon flic stems, in which are ultimatoly 
ripened the spores of tliis group; w'hilc ifi the highest Class, the 
Phanerogamiu, we meet with flowers containing stamens and pistils, 
ultimately producing true seeds in fruits which are totally separated 
in almost every case from the v(^;etativc structures. 

The spores of the higher Cn’ptoganiia (Feins, Mosses, &c.) cannot be 
properly compared to the seeds of the Flowering plants (that is, mor- 
phmogicaUy), since they result from a siiries of physiological processes 
difiureht in many respects, as will presently be shown. With regard to 
the spores of the'Thallophytes, our mowledgtf is too imperfect at present 
to enable us to decide upon all the homolt^es; the probable relations of 
the difierent kinds of structure will be incidentally spoken of in the nu.\t 
Section. 

821. It is probable that reproseiitativcs of two sexes, mole and 
female, exist in all plants, and that these eonjoin to form the rudi¬ 
ments of the new individuals of all C'ryptogamia, as they do in the 
formation of the embryo in tho seed of Flowering plants. But in tho 
Thallophytes the male and female organs are often reduced to simple 
cells, “ sperm-cell ” and “ gorm-ocH; ” these being associated, often 
in the same plants, with “ gonidial ” cells (Algae, Fungi) for vege¬ 
tative propagation, tho exact particulars and homologies are still 
obscure in many familira. 

The history of reproduction of plants has been greatly studied and 
much enlarged in late years; numy imjportant discoveries have been made 
in all Classes; and the coiuse of' the processes in Fhauerogamia and the 
Lea^ Ciyptogamia is now pretty wml known. Much still remains to 
bo ductnSbed in reference to the Iballophvtes, especially the lichens and 
Fungi; hut in the Alga: the processes or fertilizalion of germ-cells by 
spermatie corpuscles haws been observed more clearly and decisively than 
in any ether plants. 
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Sect. 3. Eepboductioh op Thamophties. 

Fungi aitd lAcliens. 

822. Tho various forms of reproductive organs met 'with in Fungi 
hove already been described at p. 445. ypst qf them seem to he of 
the nature of buds: or if taruli[^sexual. their oper^on has not vet been , 
a^certain^ The 'so-called aniJi^ridia and the gpermatia have not 
been proved to be sexual organs, llie phenomenon of coniuption 
ill Sism/itea and the process of fertilizatiou in Saprdi^Wffi,^ere a 
genmno process of impregnation takes place, have been described at 
]>. 440. Similar phenomena have boon doscribed in Perotwspora 
and Cif-ttomsr In these plants tberc are fenuJe branches dilatcA at 
^hc end into a large globule or oogono, and male branches terminated 
liy an ovoid extremity, flattened at one side and applied to the oogone. 
This autheridium emits a slender tube which pierces the walls of the 
oogone and reaches the central mass of protoplasm in the interior; 
and file latter, as,- a result of the contact, becomes invested with a 
cell-wall and forms a siKirc called an oospore. 

The little that is known of the reproductive process in Lichens is 
alluded to at p. 442. 

Algw. 

823. This group takes a ftir more prominent place in the present 

Section, from the fact that organs to which a sexual function may be 
attributed have not only been observed in almost all its members, 
but the pr»)cess of feilihsation of tho germ, the impregnation of the 
corpuscle produced by the female, has been directly observed in 
several of the Ordere, namely l{hudosi>crmom, Fucacese Conforvoideoe, 
Diatomaeem and Volvociuea;. ' * 

824. The Oscillatoriaecm (p. 439) arc at present only known to 

increase by division—that is, vegetatively; the Phoeosiwreas (§ 54S), 
again, are only known to propagate by liberation of zoospores 
from special cells of the thiillus. Tho Dictyotoceec and tho Ehodo- 
spermcm produce a peculiar kind of vegotafivc offset called a Mra- 
.•^ure- (§ 540), a body formed mostly in special localities or in groups, 
and consisting of a parent cell divided into four chambers, the con¬ 
tents of wliioh, when set free from the parent plant, grow up at once 
into a now thallus. Besides the tetraspores, they have sjwres and 
aniherulia. The antheridui produce minute, ultimately free vesicles, 
spermatozoids or antherozoidu, according to Thuret devoid of cilia 
and motionless; Derbes, however, asserts that he has observed them 
moving like undoubted spermatozoids. The antheruUa ore generally 
found in distinct plants from the spwes, and tho tetraspores in a third 
scries of forms of tho same simcies. * 


2i) 
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825. Whoro ^he sexuality of the Algae has been ascertained, yre 
meet with the process of fecundation under three different forms, and 
these forms in subordinate modifications. The three forms of the 
process ye. :— Cmiugation , or complete union oi a spcnn-cefl and a 
gcrin-cellToriginally undistinguisjiablo from each other by Tisiblo 
structure, occurring in Duttoinaceac and some CionfervoidcaB; Fea^ 
datum of naked germ-eorpv^s ediated spermatozoida. which in 
the Confervoidea; occurs within the parent Mil of the spore, and in 
Fuoaccac after both the germ-corpuscle and the spermatozoids have 
been cast off by the parent; and FeeandatMn of naked iilrm-edlg ku 
motionlets ovoul or ghtmlar swrmatosotds thromh the medium 6 
eial tube or triehoqijn^ as tn Rhodospcrmcae. The importance of these 
phenomena to tlie whole theory of reproduction in plants rondel’s it 
necessary to give a particular account of the processes as occurring 
in certain well-ascertained coses. 

820. In Diatomai’oai (including the DiatomecF. and Desnudkat^Hw, 
ordinarymode of multiplication of the plants isvegetative jiropagation, 
hv divvsim, resulting cither in the formation of connected “ families ” 
of cells (ng. 462, c) or of an increased number of separate cells, 
or by the extmirioH of zoospores, which are developed into new cells 
or cell-families (fig. 462, n, o)T This kind of propagation goes on 
actively for a time under favourable circumstances; and the mere 
“ division,” at least, may be compared to the vegetative development 
of more complex plants. 

lint at certain epochs this mode of increase is exchanged fur another 
kind, in which we have cooperation of two oririnally distinct cells to 
produco the new one, indicating that Tt is a phehomenon of sexual 
reproductionrwTiilc ^ the same time there is no external evidence of 
difference in the concurrent cells. The genus Chxterium (fig. 402, 
B, c) is multiplied vegctativoly^by division, or Juaijmrous propagation; 
at certain stages of-existence, however, the cells which appear as if 
about to divide approach in pairs, and, a fracture of the external 
cell-membrane having taken place at the usual line of division, the 
contents of each ccU, bounded by a primordial utricle, escape, come 
into contact with each other, and become confluent into a mass which 
assumes a rounded form (fig. 462, b, d). This round body becomes 
coated by a cellulose coat, and ult^atcly by a second, more internal. 
Its contents change from a green to a brown or yellowish colour; 
and the globular cell remains after the two empt}' parent cells have 
decayed. This globidar body, which passes through a stage of rest 
before germinating, is sometimeB called a sporange, not a simple 
spore, sinon its contents appear to become segmented and divide into 
a numbeij of independent germs when the structure recommences 
aeUve development. , 

An an^ogouB conjugation of two cells takes place throughout the 
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Degmidieof, and it has also hecn observed in m«nj‘IHaUymem •, in all 
cases the product is a resting sporangial cell or fmstule, t. e, a cell 
possessing more than one firm coat, which produces two or more 
germs wlien about to throw oft tliese coats to devclope into a new plant 
of the form of the ]iaront. 

Conjugation exhibitsnianyminor variations in the groups of Bemnidietf 
and Jhalouiete ; but it is necessary to restrict ourselves here to a general 
account of tlie process. 

827. Til Spiroifiira (fig. 405, A, a), Zygnenta, and one or two other 
jtcncra of fifameiitoiia (jonturvoius ordinary growth by cclI-iiliviBron 
5 exchange for a process of con Tugation at certain epochs. Two 
filainonis, lying side by side (jig. 4tiS, a, b), exhibit papillary 
elevations of the cell-walls on the sides next their neighbours; 
tliese processes elongate until they come into contact; they then 
adiu^re, and the septum formed at the plane of union becomes 
absorbed, so that the two colls become cuiincctcd by a tubular pro¬ 
cess, a kind of isthmus. Tlie contents of the cells meanwhile retract 
themselves from the wall, lose their spiral appeamnee, and become 
condensed into a mass ; then, in some cases, the whole contents of 
one cell travel through the isthmus into the opposite cell (c); in 
others, the eentciits of both pass into the isthmus, which expands 
into a globular cavity in the middle. In either case the contents 
of the two cells become combined, and they form a globular or bvid 
sjiorc, wbieh jiroduces two or three firm coats, enters a stage of rest, 
and remains after the parent filaments have decayed away (fig. 465, 
A, d). After a time, usually in the spring succeeding the formation 
of the spore, this germinates, bursting its coats and sprouting out 
into a new filament like the parent (lig. 405, a, e). 

This conjugation of tipirof/t/ra and its allies has long been known, and 
was without a parallel for manv years'; as stated above, on analogous 
process occurs in Diatomrre and Ihsmidicee, and it is essentially related to 
the proeesses of fecundation by spermatozoids next to be described. 

828. The history of the fertilization in (Edoqonium is one of the 
most curious points in the whole range of vegetable physiology, es¬ 
pecially so as regards the male organs, which undergo a complex 
course of development as follows. On the same plant that produces 
the female spore, or in some speciwi on another individual, are formed 
special colls called “ microgonidia” or “ androspores.” The office of 
those colls is to produce ultimately antheridia, in whioh latter spermo- 
tozoids are formed. The androspores arc formed in the ordinary cells 
of the plant, and escape from them by rupture of the walls of thei 
parent cell as an ordinary zoaspore would do, and like it they swim 
about in the water for a time; but while an ordinary zoospore after 
a time germinates and forms a new thallus) the androspores attacdi 
themselves to the sides of the female spore or sporangium. 

2 s2 
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In this sitnation they grow into a sort of prothallos; the lower 


Fig. 530. 


part becomes dilated or pear-shaped, while 
the upper extremity dcvclopos one or two 
small cells one over the other. These are the 
antheridia; and in each of them is formed a 
spermatosoid, the fecundating body. These 
latter, when mature, are ciUated and butt 
against the top of the anthcridium, and at 
length cause its detachment in the shajic of 
a little lid. In this maimer they escape from 
the anthcridium, move about for a time in the 
water by means of their cilia, and ultimately 
pass into tho female spore through an opening 
prerioiudy sjHJoiaUy prepared lor its jiassagc 
in the summit of the female spore. Hen; the 
spermatozoid comes into contact with a quan¬ 
tity of colourless granular mucilage formed 
in that situation prior to fecundation, tho 
distention consequent on which seems to ac¬ 
count for the formation of the aperture 
through which the fecundating body passes. 

Tho spermatozoid touches tho mucilage, or 
evohpenetrates it to some cxtent,and becomes 
blended with it and thus fertilizes the spore, 
which subsequently becomes invested by a 
cell-wall in the ordinary way. 

829. VmuJuria is a genus of filamentous 
Conforvoid Algm, in which the long branched 
filament consists of a single enormously de¬ 
veloped cell. This plant is commonly pro¬ 
pagated hy a peculiar kind of zoospore dis¬ 
charged from the thickened end of the fila¬ 
ment or of its branches. But at certain epochs 
lateral structures arc developed at the sides 
of the filaments, as branch cells, which be¬ 
come shut off from tho main tube by septa; 
some of tlicsc processes expand into ovate and 
beaked or bird’s-head-shaped bodies, others 
into short curled filaments or “ horns.” Tho 
former are gporaw/es, the latter antJieridia. 

When ripe, the antheridia or “ horns ” dis¬ 
charge flieir coil-contents in the form of 
numerous spindlc-shaiKsd corpuscles, momg 
actively by tho help of a pair of cilia. Meanwhile qn orifice'is 
formedhs the beak of tho sporange, and some of the spermatozoids 


mlMfum : A, ftrdi* 
nary wdla. in of which 
n EnoMpore (12) is ; 

0, C, apomn^ia; B, B, iin* 
drospoiH-'B, one hearins nt n 
an ant<hvridium« fin* lid of 
whitiK is dctachiHl: I>» nx- 
trnmify of tho iiiant. 
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make their way in, so as to come into direct contact with the cell- 
contents. Thig phenomenon is followed by the closing-up of the 


Fig. 540. 



Vmckeria: A, A, Kpi'mintozoids; B, C.horn-likcsntlieridlnin; D, D', q)oniii|{e8; 
i£, Bpore. 

spornngo by a membrane, and the conversion of its contents into a 
fertile restinff-gpore, 

830. Sftlmropha is another genus of filamentous Confervoids, 
composed of rows of cylindrical cells, in which fertilization of the 
rcsting-sporcs by ajicrraatozoids has been directly observed (Cohn). 
In some of its eells the contents are converted into a number of 
globular bodies, in others the contents are developed into numerous 
spemiatozoids. When mature, orifices are formed in walls of the cells 
of both kinds; the spc'rmatozoids escape from their parent cell, and 
make their way in through the orifices of the parent cells of the 
spores; the latter when fertilized produce their cellulose coat, and 
ripen to rcsting-sporcs, which arc set free by the decay of the parent 
filaments. 

Analogous phenomena have been recently observed in various other 
filamentous Confervoids, as in CEdogmmm, liuHmchaite} and Cohn has 
lately described a similar process in Volvox. 

831. The mode of fertilization in the Koridete f § 540) or Eed Sear- 
weeds, has boon well made out by klM. Thuret and Bomet, who thus 
desciibe the process in Jlelminthora. A small cell, originating on 
the side of one of tho dichotomous filaments of which the frond is 
composed, elongates, divides transversely, and becomes a short 
branchlct made up of four superposed cells, of which tho uppermost 
alone continues to develope. Shortly there may be seen projecting' 
from tho summit of this uppermost division a little protuberance, 
which gradually lengthens into a long hyaline hair, often dilated at 
the extremity, This is the (ruhor/wte or essential onain of fertili¬ 
zation. When tho spermatozolds (h^ gloWar anctinotioniess) come 
Tnto'rontact with the uppOr part of this halt they adhere to it. Them 
the cell which forms &e base of {jhe tiichogyne swells and diodes 
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into segments, and is soon tmnsformod into a small cellular mass, 
which gradually forms the young “ cystocarp ” or mass of spores. 
The triehogyne gradually disappears. In Cnllithawnim the aggre¬ 
gations of spores called favdlce. (§ 546) arc formed from the side, 
not at tho base, of the triehogyne, in consequence of fecundation by 
the antherozoid. Here, then, wo have motioiiluss antlieimoids 
formed in the antlieridium of one plant, escaping and coming into 
contact with the free end or stylc-likc process of another plant; and 
iis a result of this contact, tho cell at the base divides and subdivides 
into a mass of spores. 

832. The observations made by Thurct on FmwmOTjire ver}' de¬ 
cisive. In this Order the cotu^jitaclex (§ 547) produce in their in¬ 
terior bodies of two kinds, nntlieridia (fig. 464, c) and x/we-mex (fig. 
464, e), cither together or in soparate eoneoptacle.s (monmeious), or in 
separate plants. Tho antheridia discharge 2-dliated xpermntosmds 
(fig. 464, d), which are poured out 
through the pores of tho rxccpfacles 
(fig. 464, a) into the surrounding 
water. At the same time tho 
spore-sac (fig. 464, e) burets and 
emits an inner sac (fig. ,541,«), in 
which may be observed 2, 4, or 
8 (rtj spherical cori>u.scloa, destitute 
of a cellulose membrane; this inner 
sac breaking loose, bursts and dis¬ 
charges its corijusclcs, which, like 
the .spormatozoids, pass through the 
pores of the receptacle into tho 
water. Hero they become sur¬ 
rounded by a cloud of spermato- 
zoids (fig. 541, b) wiiich attach 
themselves to the surface, and 

M»irM/o4rtM: a, inni*r HpnrtfHac imrMtmc from 

tnCir Ciliary movcmCBt cause tuo fch<>outeritioand*ubi>utt(>UI>firiitcth(>»*|)oiHtB; 
spheres to revolve. In the course 

01 a few minutes, usually, a col*- npon* with Awllnlonocoai; d, the aaniu Ker> 
lulose membrane is formed upon 

tho surface of tho globular corpuscle (by secretion from its pri¬ 
mordial utrido?), and it becomes a cell (fig. 541, e), which sub- 
•sequently germinates, growing by cell-division (fig. 541, d) into a, 
new &ond. 

' These observations upon the fertilization of tho germinal corpuscles of 
tho Algm ore of extreme interest, both as oiFeriug examples of the process 
of sexiM cozgunction of the simplest kind in plants, and os affording, like 
' die development of zoospofes (§ 608), beautiful Ulustrations of the theory 
of free-cell fothoation (§ 697) by th^ productiou of a cellulose coat around 


Fig. 541. 
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a iiaVed primordial utricle after it has been completely separated from the 
parent,—a phenomenon nevor met with in the higher plants, where this 
kind of cell-formittion can only ho observed in the interior of the parent 
structures, as in the embryo-s^ of the Phaneiogamia. 

833. In -the conjugating Algsc wc observe the now cell to be 
prr)duced by the complete union of tho entire contents of the spore- 
cell and germ-cell, which are undistingnishablc from each other. In 
tho other kinds cited, the contents of the germ-cell become converted 
intofono or more globular corpuscles, rudimontiiry spores; w'hilc the 
contents of the s])erm-colls are developed into numeroTis minuki cor¬ 
puscles, usually of a spindle-shape (not spiral), moving actively by a 
pair (?) of (iilia. The corpuscles of the gomi-cells acquire a cellulose 
CA)at and become cells; the spermatic corpuscles disappear after they 
come into contact with tho nascent spores, either dissolving or becom¬ 
ing alworbed into the substance of tlie latter. 


Sect. 4. UEi’KonncTiON ok Akoiospor.®, or Leaky Cp.yptogahia. 

8.‘54. The reproduction of the Orders included in this division pre¬ 
sents hut one common eharacthr, namely the representation of the 
sperm-cell by authcridial cells, whe-ie contents aro discharged in j;hc 
form of spirally coiled filaments niuviug actively in the water by 
means of two or more ciliary apiieudagps. In the majority of the 
Orders tho female organ occurs in a form somewhat analogous to 
the ovule of Phancrogitmia, callwl the nrcheijonium (or pistiUidium), 
which gives rise, however, to very different products in the different 
groups, in the Cliaractw there is no distinct arcluymilum, tho spore 
being directly fertUised and growing up into a new plant; yet as 
this spore presents the external characters of an archegoniutn, and 
the antlieridia arc spiral, the Order is clearly referable to the present 
division. 

In the Gymnosporaj the fertilization of the ^rm-corpusele is followed 
by its conveision into a spore (Spirogtjra, Vaucheria), or into a cell which 
may be called a tporangial cM ou accoimt of its contents undergoing divi¬ 
sion into a number of hew germs when it begins to grow (Clofterium, Std- 
bochate, &c.). In the Augiosponu (excepting Obaraeem) the relations 
of tho spores to the proper sexual structures are more distant and very 
diverse, the course of development being much more complicated. 


Characea. 

836. Tho reproductive organs of this Family are very distinctly 
charaotcrixed, and borne in a conspicuous external position. The two 
kinds, male and female, called respectively the globule and the nucale. 
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occur either together on the same branch of the plant, on distinct 
branches, or on soparate plants. , 

836. The (Mule^^r^anthe^ is a spherical case composed of 
eight (trian^Iar) segmental pieces, each of -which is formed of a 
number of cells radiating from a central one; all these have red 
or orange contents, imparting a colour to the globule os seen in 
its natural condition. From the central cell of each valve projects 
inward an oblong cell; these eight cells meet in the centre together 
with the apex of a dask-shaped cell which enters the globule at its 
base, forming the pedicle by which it is attached to the branch. 
Where these nine cells meet in the centre is found a little cellular 
mass, from which arise a number of slender jointed filaments. When 
the globule is mature, its valves soparate, and each carries away its 
central cell bearing a tuft of the jointed filaments. The cells form¬ 
ing the joints of these filaments are then seen each to contain a 
minute spirally coiled thread, which makes its way out and appears 
as a 2-ciHated actively moving spermatozoid, resembling those <jf the 
Mosses. 

837. The nucjtfe is a somewhat anomalous organ, presenting at 
first the characiars of an archegoniiim, and afterwai^ those of a spore. 
It consists essentially of a huge oval cell surrounded by a double 
coat and, outside this, by five spirally coiled and intimately connected 
cortical laments. The five spiral cells terminate at the summit in 
five (or ten) teeth; and it appears that those teeth separate from each 
other at a certain epoch, leaving a free passage down the centre, to 
the wall of the central cell. In this state we may compare the 
structure to an archegonium, or to an ovule of Phanerogiimia. It is 
supposed that spermatozoids from the globule pass into the canal be¬ 
tween the crown of teeth of the nucule and cause it to become fertile. 
The product, however, of the fertilized central cell is not a free embryo 
or a spore, W it becomes itself the first cell of tho new plant, like a 
spore. After fertilization the nucule drops off from the parent, passes 
t^ugh a stage of rest, and in the following season germinates like 
a seed or spore and grows up at once jnto a new plant. Pringsheim, 
however, states that the spore developes a true prothallus like that 
of the Mosses. 

In &vour of the supposition that the young nucules are impregnated 
while the apical crown of teeth is open, we have two circumstances, 
' namelythat the spermatozoids are msebarged from the globules at the 
same pexic^; and, secondly, that when the nucules arc ripened in autumn, 
they germinate in the following spring, at an epoch when no spermatozoids 
hre in existence. 
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Axogamia. 

838. Under this title we in- Uig- 642, 

elude theliverwortsandMosses, e h 

on account of their sexual or- /' jjSs, .TJ 

gans, essentially similar in kind nd /i|l\ 

and mode of development, being 

in all eases developed upon the fd j pQ’n 

axis of the perfect leafy plant. ^ \W j p 

Uoth Liverworts and Mosses (/§ ^ 

lirodnco tnithiTuIin uml riirlie- ‘“^(i ^ 

_r/oniff, either on the same plant W rv 7 v \ 0 

oroii distinct individuals. There ^ 

are minor diffennicos of struc- Cl]} 1 / 

turn in the different groups of ' 

these Orders, some of which 
may be briefly described. ' 

..tf A-i,,. Anthpridio and nrchpconin &c. of Hepatiae: n, 
Irio (iYiihfi laid ot the vorticuJ «oi‘t!on of tne infloreBi'enw ot Raduia 


Fig. 643. 


J.I1U uninrnnni ui ww vertkuJ aortfon of the infloi 
11 cpaticac (and until these agree complav.ita, with young (nxiUary) anthcrMia niw} 

,, ‘ ' , ", (lt‘niiinnl):m'h('gonut,miign.6tidiam.; h,Ti-rtu'al 

the same organs ot nphagnaoeiCJ &MH.i»n ofau nronogoninm, with germ-corpnsole, 

are elliniio-il or fflotiiiloT Rnpij Jimgenmimiii Himrifotti. magn. 250 diani.; 

are unpuc.ii or giormiar sara h„„,w,,n. „nth.-rMiuin of 

(ng. .542, C) formed of a single (titI. si'Ltion), magn. SMi diam.; rf.Siiermato- 

41 .... zoid; f.imiiintun-fmit,with«urroundini<-i«goiie 

la^Cr of cells; tll0]v aie found andtwonhiiriiv(>aruliegonia(p«)ofPiiou/(MO»i* 
imbedded in the thalloid stem of (vort. Hoctiou), magn. loo diam. 

7?/erv'(T,P(:77*rt,<fcc.,orinttesub- p- 

stance ot the (male) receptacles 
of Marclutntia (p. 425), or on “ 

stalks arising from the frondosc C\t 

stem, in Foxsomhronia, and in cl rO W 

theaxilsofthelcavosinthofoli- ^ h[ 

iiccous kinds of .Awwi/cmaMJi/Vtie /) *^c jwf . uB 
(fig. 542,</). The interior of the jSl ffg 

sacisfilledwithminuteroniidi.sh Jj IjuM 
cells, at first coherent, hut ulti- ^ ij M 

matelyfroc. These (the s/)cr«i- 
C(i77s) escape by the rupture of 
the sac of the nntheridium, and ' 

each of them omits a 2-ciliated 
•spiral spermatoEoid (fig.542,(7), /" 

840. In the Mosses the an- . ^. ... ... 


ihepultd tiro lar^lfcr anci more tit^HtM^ionofaf^egoniumwith^rm-cell&oni 

r^lnncynfnil nn/l nvliTtflnnfll RllPfl PA€M»«fMi maijn. lOOdiam.;anthe- 

cionp:atea ana cynnancai s^s, of con^mune, bursting to dii- 

not stalked (ng. 540^6); thej chargen)ermabozo{d8,mi^ 25 diam.; c,sperm- 
nwr. it... 8w*miatoBoid of the same. magn. 200 

arc lonnd in tno axils ot leaveSj diam.; d, epermatozoids of the same, mwn, 400 
sometimes scattered, but more •t immlture itait of Pkatmim ^uidu 

frequently collected in axfflary i^dlSS! *’ “‘*”- 

2 n 5 
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or tcmiiual bud-liko structtarcs {inflorescence), cither with the axcho- 
gonia, or in a monoecious or dioocions condition. 'Jim antheridiul 
sacs arc filled with a tissue which is ultimately resolved into spero^- 
cells, which are discharged by the bursting of the sac (fig. 5411, h); 
and when these escape (fig. 543, (!)th<*y in their turn emit an active, 
spirally twisted, 2-ciliated spermafozoid {<[). 

The antheridia and spermafosoids of Mosses may bo readily observed in 
Pcdytrichum commune, the male plants of which form their “ tlowers ” 
(steOuke inaseidiiKc) abundantly on every heath in spring. 

841. 'The archeyonia are very much alike in Hcpaticas, and Musci, 
being flask-shaped cellular eases, with a long neck (tig. 542, a, h ; 
fig. 543, a), found generally several together, commonly at the ends 
of shoots, surrounded by modified leaves, which receive special names 
(pp. 421, 423), forming a kind of perianth. In Anihoccros the arche- 
gouium i.s formed in the substance of the thalluid stem. When 
mature, the archegonia exhibit in their basal cavity n pcrm-corpmele 
■(fig. 542, h ; fig. 543, «), which in all probability is fortilizcid by th/. 
pjissage of spermatozoids down the canal of the neck of the flask- 
shaiicd body. In any case this corpuscle is converted into a cell in 
one of the archegonia of a flower, the rest remaining barren (tig. 
o42,p,p). 

Ilofineistcr has observed spermatozoids actually within the canal of the 
archegonium, in Funaria hygrmietrka. M. Lortet has not only assured 
himself that these active spiral corjiuscles detemd by the neck of the 
archegone until they reach the central cell, hut he states that he has 
witnessc.d the manner in which the latter is fertilized by the moving 
spirals. Fecundation is effected by the contact of n certain little vesicle 
which the spermatozoids carry at the sitle of their swollen extremity, 
which vesicle contains some six or eight amylaceous corpuscles, and 
increases very much in size at the .moment the jtfocess is accom¬ 
plished. M. Lortet has repeated, in the vegetable kingdom, the experi¬ 
ment formerlv made by MM. llamas and I*rdvo 8 t with certain auimids. 
He submitted' the fertilizing li(iuid of the Preissta commutata, ezintaining 
the antherozoids, to filtration, and found that the thick juice which 
passed through the filter was incapable of rendering the plant fruitful, 
whilst the matters rettuned by the filter, which swarmed with sperma¬ 
tozoids, rendered all the 8 rchegom‘s fertile; this wu.s proved by applying 
the contents of the filter, by means of a soft brush, over the female 
organs. M. Lortet has, moreover, remarked that the cilia of tlio sperraor 
tozoids terminate, like the antennm of several insects, in a little expansioq, 
or swelling. 

842. When the germinal cell is fertilized, it begins to grow by 
. cell-division, and forms a oeQular body which causes the expansion of 

the origtnal wuU of the archegonium (fig. 542, e). After a time, this 
wall gives way, in the Mosses by a oircumseissile dehiscence, so that 
the upper part is carried upwards (fig. 543, e, e), afterwards becoming 
the ealyptra{p. 421), while the lower part (fig. 543, t,v) remains as 
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the va(finuh(Qg. 459, e). In tho Hepatic»i4he sac oCthe archegonium 
is usually ruptured in the upper part, and there is no eup-ehaped 
calyptra formed, the sac beeoming ultimately the envelope, eorre- 
sponding to the vaginnle of Mosses, hero often called the epigone 
(p. 424, fig. 400, B, a). 

The central cellular body (fig. 542, «) undoigocs very remarkable 
ehnngcH: by degrees it exhibits different strata and regions, and in 
the most perfect forms of this Class ultimately rises out on a sf alk- 
likc process from the vagiiiulo (fig. 543, v), and becomes a sporan¬ 
gium or mpsnle, filled with spores (pp. 420-425). 

The iikkIo of development of the spona, which are simple cells with a 
double coat, or a proper cioll-membrano covered by a distinct eatieulnr 
(§ IftS) layer, is brioHy as follows:—In the cellular rudiment of the cap¬ 
sule, concentric layers of the piuonchyma become ditterontly metamor¬ 
phosed: Iho outer layers form the wall's of the capsule and the spomiigial 
membraiio below, continuous with thopenstome (p. 421) above; the cen¬ 
tral mass (in Musses) is developed into the columella: the intermediate 


Fig. 544. 



'Qennination of the Biwrce of a KToh (Funaria ktfffromstriea): e, eporo ^irouting; d, more 
advanced, «id the flnit cell divided; a and b, nusoent leaf-buds on the confcrvmd proto¬ 
noma. Magn. 200 diam. 

layers, which produce the spores, after multiplying to a certain extent,* 
form free cells from the whole contents of each cell; the walls of the ori¬ 
ginal or parent cells dissolve, and a cavity is formed; in which the free cells 
(parent cells of the spores) lie loose. These sells l^ome divided into 
tour chambers by septa ; and each of these chamhera (t^ial parent cells of 
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the spores) produ(^B a singl%free cell from its whole contents. The last- 
formed cells, set free by the solution of their mother cells, are the spore- 
cells, which when ripe are found coated with a culiculartayer, often more 
or less marked with points or reticulations, like poUon-ip'auis. 

In the subsequent history, another kind of propagation takes place. 
When the spores germinate, they produce a confervoid structure {pro- 
totunna, fig. 644), itovo. different celft of which are produced a numlfe of 
buds (a, 6), eacn of which grows up into a new leafy stem, forming a 
tufted group of plants, which after a time fructify again by anilieridia and 
archegmaa. 

ThaUogamta. 

843. In this group of Flowerless plants wo meet with a curious 
displacement of the reproductive structures, which do not occur in 
immediate connexion with the morphologically perfect plant, but on 
a temporary structure produced by and cast off by the leafy stem. 

Ferns and Equisctaccm, unlike iis they arc in their complete forms, 
agree so closely in their sexual reproduction, that, like the Liver¬ 
worts and Mosses, they may he described together. lioth ^heso 
groups iirc characterized by producing but one kind of spore, deve¬ 
loped in sporanges, more or less intimately connected with the 
foliaceous structure (pp. 414, 417). 'When these spores are sown, 
they germinate by emitting a tubular process (fig. 546, a), which by 
cell-division (6) enlarges into a small, green, leaf-like plate, some¬ 
what like the frond of a Liverwort, called the protJialUvm (c). This 
is capable of supporting itself, having filamentous rootlets; and if 
the changes next to be described do not immediately take place, this 
pruiliallhm often propagates vegetatively, nevr 2 >^otlMUia biidding 
out from its base. 

IVhen completely formed (c), this stnieturo exhibits on its under 
surface cellular papillary bodies of 'tw’o kinds, which are the an- 
tli^ridia and arclierfonia : the former are scattered over the whole 
surface; the latter, less numerous, are chiefly found in the thickened 
central region, from which the rootlets arise, especially between tliis 
and the anterior notch. 

844. Tlie antlieridia are structures composed of one cell (or two 
superposed), dovelojied from the lower free face of one of the cells 
of the prothallium (fig. 645, e,f). In tho interior a second cell is 
formed, the contents of which become segmented and developed into 
a number of minute vesicles, the »perm-eell». When ripe, tho top 
of the anthoridiol coll falls off like a lid and the sporm-cells escape 
(h ); each of those emits a spermatozoid (i, k), differing in form firom 
that of the Mosses and Liverworts, and having numerous cilia. Tho 
spormatozoids are, nforeover, provided with a mucilaginous vesicle, 
which is'supposed to bo, of consequence in the process of fertilization. 

846. The areht^onia are developed on the same prothalUum os the 
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aniheridia in many Ferns; the Eorsc-tailB appear to be dioeoions, 
nrrhegonia having been detected only on distinct Tho 

external stniclure is a papilla formed of four collateral tiers of cells, 
with a canal running down the central intereollnlar passage (fig. 545, 
1, m, n, o). The papilla projects from the lower surface of the pro¬ 
thallium ; and when mature its canal has an open mouth («), The 


Fig. 646. 



]?c‘t>i*nditc(ion of Ferns: siwr** Rfirminating; ft, more adrancod (mogn. 50 dinm.): e, fiill- 
grown proihiilliiini, with archegoiua (lower surfheo); rf, vortic^ section of tho ccntnil 
region of a protJntllium, pussiug through nn nrtdu'goninm and two nnthcridia; tw’o 
iintheridia (lude view); /, nntlieridin seen from above; ft, onthoridimn burst (side view); 
ft, Bporm-cell from untheridiiira; u spemwtoaold eaeaping from qn‘rra>cuU (magn. HOO 
diani.); ft, front view t»f a spermntosoiil; /, verti«d st'cUon of a young arohcTOniiira; «i, 
more advanced; w, still older, with the canal o|H‘n, and an cmhiyonal eorjmscre In thesno 
(nutgn. ItHi diam.); o, view of tlie moiitli of an aroheffoniiiiu, from above; jp, vertical sec¬ 
tion of an urehegonium with the emliryo in coiiraeof develoiiment intheeae; g, the same, 
tnort* adraneed (less msurniiit'd); r, vt'rHt^ st'ction of young plant, more advanced, with a 
fragment of the prothalCum (niogn. 50 diam.); s, f, young plants of PfrWs tterrulatrit with 
their ilrst and aiH.'ond leaves and adventitious roots, still ctmnected with their proth^ia. 


cnuiil leads to a basal coll (embn/o-sar^, in which lies a germinal 
corpuscle (n), as in the arehegonmm of Mos.ses (§ 841). This cor¬ 
puscle is fertilised by tho entrance of spennatozoids into the can^, 
and becomes the embryonal cell. Seldom more than one arche- 
gonium in a prothaUium becomes fertile; the abortive ones acquire ^ 
peculiar brown colour in the canal and emhrvo-feae. 
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Cell-division enpiies in the embrt/o thus formed (fig. 545, p, q ); 
but the lesult is not the fut-mntiou of a capsule, os in the Mosses, 
but of a bud, producing leaves (r) gradually moro and more perfect 
(s, t) in the Ferns, and of the characteristic stem in the Equisctaccm. 
When these vegetative structures are sufficiently mature, they pro¬ 
duce the sporiingos and spores, as described in a former section 
(p. 418). 

The development of tho spores of Ferris is similar in its moat essential 
points to that of the Mosses. The thec.'c or sjiornngos (p. 418) are pro¬ 
duced from certain cells of the parenchyma of the fertile leaves; and when 
mature, they break out upon the lower surface, naked or covered by the 
iiidusia (p. 418). They arc at first cellular papilla;, the parenchyma of 
which b<M;omos diir(;rentiafed in the course of developnumt; the outer 
layer forms the cellular wail of the sporangc and the amutlm (p. 418), 
while the central parenchyma assume.s the character of parent cclLs of the 
spore-cells, which are d(;vclapcd in fours, os in Mosses &c.., and tu-quire 
when ripe a cuticle marked with granules, spines, or ridges (fig. 458, p). 


Sporoifamia. 

S46. It has long been known that the LycoiKidiaceiG and tho 
Marailcaccm produce spores of different kinds, unlike especially in 
size, so that they arc conveniently distinguished as microxpores and 
meqiufioves. These arc produced in nimilar or only slightly different 
sporanges (pp. 411-414), which'dlf the Marsilcaceie occur together 
or separately in an additionid envelope, forming the spore-fruit 
(p. 411). 

The ro])roduction by means of these spores presents characters 
greatly differing from those described in tlic preceding group, and 
approaching those found in Oic Phancrogamia. 

847. When tho microsporex of Lycopodiaco® and Pilularia are 
sown, their contents • are converted into minute xperm-celh, dis- 
charge<l when mature, and each giving birth to a ciliated xpermatozoid 
(fig. 546, a). In Stdvinia, tho mioro.sporcs producx: cellules, each of 
which produces again several sperm-c^s in its interior. 

The formation of the microspoies, in their capsules, agrees essentially 
with the development of tho spores of Ferns in their thee®. 

848. The megaipores have a very different history, subject to 
slight modification in particular genera; it will suffice to describe 
as an example the mode of development in Selaymdla. 

Wh6n tho large spore of Selagindla is sown, after some time the 
outer tough coat bursts at tho apex, marked by the convergence of 
three, rid^ exterai^y (fig. 646,6); when this opening of the outer 
pout takes place, it is foupd that a discoid layer of minute cells has 
developed, between a second coat lining the cuticular layer and a 
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third coat, which immediately encloses the fluid contents of the spore; 
this coat may ^bo extracted from the outer coat, and the cellular 
disk ie then seen upon its upper 


end (fig. 54(5, c). Tliis disk 
is the prof/uil/itm, and upon 
its exposed suifaec (b) arc 
found the archet/onia (in Sela~ 
ijiuella numerous, in nitdaria 
(fee. solitfiry). Cellular tissue 
is also developed in the large 
sac of the spore, underneath 
the disk, hut separated from it 
by the inner spore-coat. This 
is shown in the vertical section 
of the sporo»(r/). The arche- 
gonia consist of an emhryo- 
siiCyWith an intercellular canal 


Fig. 646. 







leading down to it (/), the 
lour upper cells bordering the 
canul being more or less pro¬ 
duced above the surface of the 
prothnlliuni {d, /). In the 
embryo-sac lies a genniwd 
rorpweh (/), which is doubt¬ 
less fertilized by the sjwrma- 
tozoids of the mierosporcs, 
but at what time and in what 
manner is as yet not known. 

841). The fertilized germinal 
corpuscle is then developed 
by cell-division, forming the 
embryo, which in Sehujitiella 
descends into the cellular tis¬ 
sue of the largo cavity of the 
spore (fig. 546, h), its primary 
cells growing into a Mamen- 
tous suspenimr, bearing tho 
true embryo-cell at the lower 
end. Tho embryo (fig. 546, i) 
gradually takes form and pro¬ 
duces a leaf-bud (Ir), and sends 
out an adventitious root; the 
bud and the root escape from 
the spore-coat (1), leaving be¬ 
hind thocellularma88(pBeudo- 



Bqtruduction of SehgiMlta (Lyoopodiaoca): a, 
tmall or anthoridiiu sporo. diochargintf e^rami- 
celHcontttining siiennatosoida (magii. lOOdiam.) S 
bf largo aporn, with tho outer coot burating, to dis- 
)day we prothallium bfwiiiu arubegoDia;magn.l5 
dianu); o, a^tore with the outoreoat remored, 

ahowif^ the entire inner ooat, wi^ the oellular 
protlmlHum at the upper end (magn. IQO diam.); 
a, vortical aeoUon of a more advam^ nrotballium 
with archegonia (magn. 100 diam.); g, arohego- 

nia with embryonal I'orpuHclea in the mwa (magm 
iHK) diam.)« A, vertical aeotion of iiro^oUium, with 
the* embi^o develot^ from one archegonium 
imbedded in the cellular mass of tho niore-iao 
(magn. lOOdianu); t, more advanced emb^o, «s- 
traoiM from the syttf o, witii its suspensor (magn. 
100 diam.): h vertical suction of a spOTe, vn& 
embryo breaking forth (magn. 16 diam.); young 
plants witih stam, leaveSt and root* still cxmneoiliop 
wi^ the Bppre from which it has emerged (magiL^ 
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cotyledon?) first*formed, which dies away as the stem grows, like 
the cotyledons of a germinating Pea. , 

The young plant (?) thus formed grows up at once into a now 
leafy stem, ifitimately forming sporanges &c. 

The conditions in hioMeg, and also in Pifularia and other Marsileacero, 
differ in various points—such as the absence of a suspensor in IsocUv, the 
existence of only one archegonium in the Marsileacem &c. Seldom more 
than one of the archegonia become fertile in Lycopodiacem. The deve¬ 
lopment of the embryo of the genus Lycopodiutn, in which only microsports 
have been observed, is at present involved in obscurity, no attempts to 
cause germination having as yet succeeded. Spring, the monographer of 
this group, even goes so fiu ns* to express the opinion that the genus 1ajco~ 
podium was originally dinecious, and that one of the sexes has been lost, 
so that the male plants alone remmn, perpetuated by simple vegetative 
division. This view, however, is improbable. The nude plant would 
probably, as in other cases, occasionally produce female organs j but these 
have as yet escaped observation. 

A peculiar phenomenon is exhibited in the formation of the meffasjmres 
of these Orders. The microspores are developed in fours in prtrent 
c.ells, much as in Ferns and Mosses ns rtigards the metamorphosis of the 
internal parenchyma of the sporimges into free cells. But in the de¬ 
velopment of the megaspores, when the parent cells of the spores are 
formed, in Selai/inella, iill of them but one in eacli sporange are abortive, 
the single remaining one forming four special parent cells, and, ultimately, 
four large spores which fill the sporange. 

In Pilularm not only do all llie parent cells but one disappear in the 
memvspore-sporanges, but, when this one divides into four special parent 
eclls, only one of the spore-tolls continues to be developed, the other three 
disappearing, so that the female sacs contained in the spore-fruits of Pih- 
lai-ia each enclose only a single mepaspore. This mcgaspoiv departs 
greatly in external character from all the other structures described as 
spores in the leafy Cryptogams, and approaches in some degree the cha¬ 
racter of a detached ovule of a Flowering plant. 

Sect. 5. REPKoitucnoir op PuANunouAiciA. 

.850. The remarkable distinguishing character of this group of 
plants is the possession of stamens producing jtollen, and of carpels 
producing ovules, the latter of which arc matured, while still nourished 
by the parent organism, into seeds containing an enAryo (§§ 16 & 
300)—« rudiment of the future plant, in which the vegetative organs, 
stem, leaf, and root, can in most cases be distinguished. 

* The formation of these reproductive organs closes the life, or, in 
peiSiinat^plamta. the ncrioAioal cyme of growth ; and the pi^ony 
uirown off, aiter pacing tlirongh a st^ of rest,' germinate directly 
into a how, pdrfcot morphtdogical representative of the species. 

861. in the Flowering Plants, as indicated in the preceding Parts 
>v5f this work, there are some important difierences in the con- 
strootion of the essential oigana of the flowers, accompanied by a 
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striking variation in the course of development of , the embryo sub¬ 
sequent to tlic concurrence of the sperm-cell with the origin^ germ¬ 
cell of the ovule. The Morphological differences of the Gymno- 
spermia and Angiosperraia have been indicated already; in describing 
the minute phenomena occurring in their sexual reproduction, it 
is advisable to treat them separately; but as the pollen-grains 
are produced on the same plan in both groups, these structures 
may be previously disposed of in a brief account of their general 
history. 


Pollen-grains of Plianerof/amia. 

852. PoHen-gyains, the speriu-cells of Phanen)gamia, differ im- 
from the sperm-cells of the JLieafy Cryptogamia in the 


^sciico of any cortiiiscular contents malo^us to sj^rmatozoids" 
ITIeS'piotopIasmexnrBItellmpIyanucic^r^vilE'^anuIralir'Btia^, 
oily matters, and other oi'dinary ccU-contcnts (§§ 596,696). In this 
respect they approach the fertilo cells of Conjugating Algae (§ 827). 

8b3. In their simplest forms they arc single ccUs, with a proper 
cell-coat and an outer cuticular coat, mostly marked with irregu¬ 
larities, forming a kind of pattern on the surface, sometimes very 
elegant. In particular cases the outer coat is laminated, so riiat the 
poUeu-cell api>cara to have several coats. In all cases the outer coat 
exhibits one, thnse, or many round holes or slits (pores) (fig. 547,«), 
where the inner coat is bare; in the 
pollen of Passiflora, Citnirbita, &c. there 
exist lid-like covers over the pores (fig, 

547, e). 

854. The form and size of pollon-graina 
vary very muchT as maybe ODBcrvod even. 
urtEcmwcxiimplcs here figured; but 
although there may be a general resem- 
blanre throughout particular genera, and 
even Orders, they do not often afford 
good or regular sj'stematic characters. 

The most frequent eases of agreement 
in allied plants occur when they possess 
compound pollen-grains (fig. 647, b, d), 
consisting of a number of poIIcn-cells 
permanently coherent together. The most 
striking cases of this are those offered so 
abundantly in Orchidaceie (§ 609) and 

Asclepiadaccse (§ 458), as to |pnn vain- mnnd ffran); Ot PaM/fiora obtu^ 
able systematic characters in these Or- 

ders. These pollen-masses or poUinia ^KpiiobmmmoHtaiwm;i.Lat^vn 
consist either of the entire mass of pollen 
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of an anther-cell, or of a half, quarter, eighth, or smaller fraction, so 
numerous in some genera as to appear like granules merely coarser 
than ordinary pulverulent pollen. 

The existence of pollen-mnsses and compound grains is readily ac¬ 
counted for by the history of the development of pollen, which agrees in 
the main points with tlmt of the spores of Mosses &c. (§ 842). The par¬ 
enchyma in the central region oJ each lobe of a young anther presents 
two perpendicular rows of cells, one corresponding to each of tlic four 
primary loculi (§ 20(1), ditterent in chnracler from those which are to form 
the walls. The cells in these series nmltiply bj' division to a consider¬ 
able extent; and ultimately each tonus a in!e cell from its whole con- 
tent-i—the parent cells of the pollen. These are set free by solution of the 
walls of the parenchymatous framework in whieli they have been de¬ 
veloped, and they then lie as loose cells in the loculi or chambers of the 
anther thus formed. I'lach parent cell dividt's into four chambers; and 
each of these chiimbers (special parent cells) produces a pollcn-cell, in the 
case of simple pollen-grains set free by the solution of the special ^mrent 
cell. In quaternary pollen (fig. 547,' tl) the membrnnw or the sjierial 
parent cells are not dissolved, and thus the pollen-cells ore held together 
in fours; and the more complex conditions arise from the memhmues of 
the parent cells of anterior stages ptirsisting satficicntly to hold their pro¬ 
geny together. Tiie mode of formation of the pollen in the special parent 
cells is by some attributed to cell-divisionhut the mow' generally adopted 
view is that it is formed by free-cell formation. The nucleus of tlie 
parent cell divides into two; between these two a quantity of granules of 
protoplasm are aggregated togetlicr in a direction across the parwit ndl: 
these granules are suddenly seen to be divided by a line, the hint indica¬ 
tion of the cell-wall betweien the two cells so prodius'd; these two again 
subdivide; and thus four pollen-cells are iiltiniately found in one parent 
coll. The pollen-mos-ses of the Asclepiadattem, and perhaps of some 
Oruhidoecse, result from a difl'orent process: in thesi; the outer layers of 
the primary parent cells do not developo cells in their interior, hut Womo 
conjoined into a cellular pellicle forming a sac or purse, enclosing all the 
pollen-grains formed within. 

The pollen-cells acquire their cuticular coat after they have become 
free; but part of the material of this structure appears to be derived from 
the dissolved membranes of the parent cells. 

Xostera presents a remarkable exception to the usual character of pol¬ 
len-grains, the cells here having the form of short cylindrical filaments 
with but one coat, «. e. without a cuticular layer. In these a rotation 
(§ 736) of the cell-contents may be observed, which is likewise occasion¬ 
ally to be seen in recently formed poUen-tubes of other plante. The 
minute starch-grains of the cell-contents are noticeable as exhibiting a 
.molecular motion, which was at one time imagined to he of vital charac- 
rtet, and might le^ the inexperienced to suspect the existence of minute 
spOTmatozoids. 

• Pdlm-graiiM of G^nospermia. 

855. IMb poUen-gr/iins of the Gymnospermia present a mudifloa- 
^tiqn atiuoturo abotre described. Tliev aot simple cellBj but 
their cavity, even before they We disoharged rrom tw an- 
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ther, minute cellular bodies, composed of two or four cells, adberent 
to that side of the pollen-grain where the slit (§ 863) exists in the 
outer membrane.' 

866. In the Phancrogamia, when a pollen-graiii falls upon a 
stigma in its prop<jr or “ receptive ” state (known by the presence 
of a saccharine secretion), the inner coat is protnidcd in the form 
of a blind pouch (fig. 547, h) from one or more of the jKircs or 
slits, and, nourished by the stigmatic secretions, grows into a fila¬ 
ment of great tenuity, which makes its way through the loose stig- 
mnti(! cells, and passes down the canal of the style into the cavity of 
the ovary, there following the course of the placentas when the ovules 
arc numerous. 

857. Tu the Oymnosimrmia tlic pollen-grains fall at once upon 
the ovules and pass into tlic micropyle, sending down their pollcn- 
tube.s—here develo])ed from tlio internal cellular body (§ 856), which 
IM netrates through the proper coat of the pollen-cell—into the sub¬ 
stance of the nucleus of the ovule, towards the deep-seated em¬ 
bryo-sac. 

Tlio formation of imperfect pollen-tulx^ may sometimes be caused by 
phtcitig pollen-grains in syrupy fluids; Imt wlien thev are placed in dilute 
sulphuric wid &c. the cxtriisibii bf the inner coat which j-esults is mostly 
a pnxH'sg of mcchaiiieal expansion, and the pmjcicting pouches soon burst 
and discharge the contents of the cell, owing to eudosmotic action. 

Ovules of Phancrogamia. 

85.8. The ovules of Phancrogamia are all constructed according to 
some modification of one general plan. Tho essential part is the 
nucleus (fig. 548, a) or principal cellular mass, in the interior of 

Fig. 548. Kg. 649. 



Tig. S48. DiaersinnittUi'h.'i.tion of Ml omle: o,iiudeuaj 6, embryo-sao; o,utnerooat; if,outer 
root; r, micrcM'vlr; f. g. aininulne. , 

Kg. Ma Young oyhIwi of A. Vertiod ncction at the tune when the priman ombno- 

aee is a Buiall ecH in tlie oentre of the nnoleiis! luiuropyle. B. Soetion rf an 
older ovnle: m, micropyle with two pollen-grainB on the apex of the niioleu; s, 
the nrimarr einbrvo-ino iUled with eelliilar Uwne. Hagn. 60 diam. 
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which one of the cells is greatly enlarged, forming a more or less consi¬ 
derable cavity (fig. 548, h), the embryo-sac. The naclcos is attached 
to the placenta of tho carpel to which it belongs by the^Mwai/tM (gr) 
ot pedosperm. In most cases one or two coats exist, covering up 
the nucleus, forming tho internal (c) and external (d) integuments. 
These do not quite meet at tho apex, but leave an orifice, the miero- 
pyh (e), lei^ng to tho point of the nudeus. The region where the 
base of the nucleus is oontinuous with the coats (/) is called tho 
eJicdasa, tho position of which, in reierence to the funiculus and 
micropylc, varies in difierent forms of the ovule (§§ 236-240). 


Ovules of Gymnospermia. 

859. The ovules of the Gymnospermia, Finaceo! and their allies, 
and Cyoadacose, are produood upon open carpels, so that the pollen- 
grains have direct access to the micropyle (fig. 551, A,«). In Finns 
two of these occur at the base of the earpeUary scale. Each consists 
of a nucleus, with only a single integument (549, A). In this first 
figure the primary embryo-sac is reprcscnto<l in tho centre us still 
very small. Before the pollen-grains &11 on tho micropyle of the 
ovule, the embryo-sac becomes filled hp with delicate cellular tissue 
(endosperm-coils). Fig. 549, B, represents a section of on ovule 
with the embryo-sac (e) filled up in this way, and two pollen-grains 
which have penetrated into the micropyle (»») pushing their pollen- 
tubes into the substance of tho nucleus. 

In tho upper part of the mass of endosperm (e), from five to eight 
colls are found to expand more than the rest, forming ^econdam ew- 
bryo-sacs. These are not formed in tho superficial rails of e, but 
^m cells of the second layer, so .that each is separated from the 
membrane of the primary embryo-sac by one cell (fig. 550, A). 
Those cells lying between the secondary embryo-sacs and tihe surfece 
of tho endosperm next undergo division crosswise, so as to form a 
rosette of four cells, which separate at the converging angles, and 
leave a central intercellular passage down to the secondary embryo- 
sac. In this state, these cotpuscula, as they were called by K. Brown, 
their discoverer, are very much like the arehegonia in tho internal 
prothallium-structure of SelagineUa (§ 848). 

' The pollen-tubes travel down through the substance of the upper 
part of the nucleus, and reach the months of the canals of the cor- 
puseula, one entering each (fig. 550, B, p f). At tho same time 
germinal corpuscles are produced at the base of the secondary embryo- 
sacs (fig. 550, B, a), ^ese, after fertilization, by the contact of the 
^llon-tnbe with the upper end of the sao (jp t), become cells, mul¬ 
tiply and torm a rallrdar mass (G, B, E), the lower cells of which 
break out through the bottopi of the endosperm, and grow as four 
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celltilar filaments (F, O, H) into tho substance of tbe lower part of 
the nucleus of the ovule.' At the ends of these filaments cell>£yision 
again qccurs (1) f and &om the apex of one of these augpenaors_ (^ 849) 


Fig. 660. 



De?elopment of embryo in Conifene (Piaw): A, upi>cr |>nrt of this emliryo-Bac, with two 
eot^ftcuUt or arebogonix; B, Ihi* aamt* inon> ailvuncod, tbe right<haiui one nith a poU<‘n- 
tuU' (p /) in it« (MinAj and aomxinal uorjmHcloH [a) i|t tiie base; C, D, auecessivo atacea 
of deTelmnnout of tt in 1} * G, 11* devolooTtieuI- of tbiMM^ celia into ausiienaors, at the end 

of cme of which the embryo is proceed, anown in I {cm). 100 dioxn. 


is developed the embrj'o (I, eni). As there are several eorpusclcs, and 
each produces four suspensors, a large number of rudimentary em- 
biyos arc developed; but usually only one of all these rudimcntli is 
perfected. 

That embryo which is fully developed gradually increases iu size, 
and most of the structures above 
described disappear, so that tho Fig. 661. 


ripe seed exhibits a single embryo 
imbedded in a mass of endosperm 
or albumen (fig. 551, D), tho latter 
originating apparently from the nu¬ 
cleus of the .ovule. The radicle is 
covered by a pileorluza (§ fiSO), 
which is intimately blended willx 
the substance of tho endosperm. 

860. Tho phenomena presented 
in other Pinacca),in and in 

the Cycodocem agree in most of the 



ir 


ehia, whoso anomalous structure 


has been described at p. 407, the embryo-sacs grow out of tho pri¬ 
mary embiyo-sac. 
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Ovules of Angiospermia. 

861. The early history of the ovules of this group is analogous to 
that of the ovules of Clymnospcrms, excepting in the particular 

Fig. 662. 

a h e d 

Ovultti, ahowing gradual formation of coata over tbo naolrna and progreaaive mirratun;. 


that they arise from the placentas existing in closed ovaries 


Fig. 653. 


instead of being de¬ 
veloped upon the ex¬ 
posed surfaces of open 
carpels. 

The ovules arise from 
the placentas its mi¬ 
nute cellular papillae, 
which gradually take 
form, and exhibit the 
regions and the modi¬ 
fications of their ar¬ 
rangement described 
in an earlier section. 

The annexed draw¬ 
ing (fig. 65.3)—actual 
views, drawn to a scale, 
of the development of 
the minute ovules of 
Orchis —illustrate the 
gradual formationof the 
coats &c. Fig. 653, a, 
represents ayoung ovule 
projecting out from the 
plu^nta, before it has 
become anatropous; the nucleus here consists merely of the embryo-sac 
surrounded by a single layer of cells, which layer is nosorbed as the ovule 
grows (e.d), so that the embryo-sac constitutes the whole nucleus of this 
ovule. In a the inner integument partially encloses the nucleus; in b the 
outer int^jg^ent has grown up over this to a certain extent; and both are 
'stiU moN'^veloped in c, where the inner coat has covered up the nucleus 
neavinft'iiie endastome, § 236),.but itself projects from the outer coat. In 
a the outer coat has gtown up over the inner, and Ae mscropyh or fora- 
($ 296) consists of a wide exostmoae ana a nanow endostome, mto 
which the poUen-tuhe (pt) has penetrate. 



Devfdopmoni of th« ovule of OrehU Morio : o,» young ovule* 
wiUi the uudeua prtigeotlng from tiie inner ooat; &, an 
older ovule iKiuoniing ttnatropon^ witli the <>utt*r cent 
growing up over the inner; Motion of a more ttdvanotKl 
ovule; d, Motion of an ovule with the polluii'-tube (f/0 
iiasBing down the ntiorc^le* and in contact witii the eui* 
biyo-Hoo; an embry o-Bao extracted* wiUi three germinal 
oorjiUBcleB; g, ancri>her* with the end of a poUen*tttbc ad* 
herent. Mugn. about 100 diam. 
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Ovules are seldom so small, or composed of so few cells, os the fore¬ 
going; more frequenllv the nucleus is a cellular mass of some sise, and 
the coats are coiyposed of several strata of cells. The outer coat is the 
primiAe, the inner the seamdine, of MirbeL 


Fig. 664. 


862. At the epoch when the pollen is scattered from the anthers, 
the ovule presents the characters which 
are illustrated in fig. 554, which repro- 
Bcuts the anatropoua ovule of the garden 
Hyacinth. The nucleus (fig. 554, ») 
is surrounded (in this case) by two coats 
(»&;>), which are perforated above by a 
canal, themicropylo (m); at the base of 
the nucleus is the chdazal region (e), 
whence the integuments (sdr. ;>)urisc, and 
where the raphe (r), with its spiral ves¬ 
sels, ends. In the centre of the nucleus 
is a long sac (e s), the embryo-sac. 

It is a large cell, filled with watery 
fluid and protoplasm, and contains at its 
summit the germinal corpusdex (ev), 
globular or oval nnisses of pf-otoplasm, 
one of which becomes the germinal 
vo.siclc. 



Vertical section of the ovale of the* 
'den Hjracinth» just before 
9re)(tutUon; funiualua; r, 
ra^ho; e,chalasa; nucleas: 

inner integument; p, outer 
intE^uxQfmt; m, micropylc; es, 
einbryo>tiac; sc, germinal cor- 
pascles. oncof whit hgivcti origin 
to the embryo. Hagn. 215 diam. 


Some authors assort that those corpuscles 
are rede befims impregniitiou: but we bold 
that they are mei-ely corpuscles of proto¬ 
plasm, or rather free primordial utiieles 

(§ 700), like the imfertilizcid spores of Fbw* (§ 832). In fig. 660, A, ev, 
is shown the condition before fertilization in ifanfa/mn. Most observers 
consider that the germinal vesicles exist bcfoi'e fecundation; but Tultisnc 
inclines to the belief that they are the first results of that process. In 
some cases, at the bottom of tiie embryo-sac, small cells (aidipodal eeUs) 
have been seen, which have only a temporary existence, and disappear 
after fertilization. The purport of these cells is not known. 


863. The embryo-sac exhibits different modes of development in 
different Orders of plants. In the Orebidaeea) the cell which con¬ 
stitutes the embryo-sac (fig. 553) very soon obliterates the sur¬ 
rounding cells, hero a single layer, and comes to form the entire 
nucleus (c, d, e,f). In the CompositBe an analogous condition is 
met with. In the Leguminosm the cmhryo-sac Bometimes expands 
BO as to cause the absorption even of the inner integnment.. 

On the other hand, it often only oocupies a moderate part of tht 
nucleus (fig. 554), and may then be a simple (^lindrioal or oval s&o. 
or tun out into pouches or divertieula, as cfscurs especially in Scro- 
phulariaceae. A remarkable condition occurs in Santalaceae, where 
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tho apex of the embryo-sac ^owb out from the mioropjie to meet 
the pollen-tubes, much as in Ephedra or WeU 
witsehia, wherein tho coat of the ovule is pro¬ 
longed into a styliform process; in Santalum 
album and some other plants the embryo is 
developed entirely outside the nucleus, in the 
protruded pait of the sac. 

864. When the pollcn-tubcs are formed in 
the stigma (§ 850), th^ gradually elongate 
by growth at the apex into tubes which pass 
down the canal of the stylo when this exists, 
the latter being sometimes several inches 
long. Tho time occupied in this growth varies 
from tt few hours to a week or two. The 
pollen-tubes mostly die away above as they 
grow below; and the stigma withers soon after 
the pollen-tubes have penetrated. 

It is remarkable that the stigma remains fresh 
for a consdderable time in unfertilized ovaries; 
and in the c)Cca»oual coses of development of an 
unfertilized ovule, which has been observed in 
some dioecious plants, us ('aMim/yiw, 1 Icuip, 3/fr- 
curialis, &c., the stigma does nut wither. 

865. The pollen-tubes arc cxwiedingly minute, tho diameter 

averaguig from 4 x 1 * 0 ;^ to inch. But Amici estimated the 

number of pollen-tubes termed from the jiollen-masscs of O/rZ/ix 
Morio at 120,000. Experiments have shown, however, that, under 
favourable circumstsuccs, a very few pollen-grains suffice for even a 
many-ovulcd ovary. Kblreuter found that when 25 poUen-graiiis 
were placed on the stigma of ITibiscm Triunum, 10—16 ovules wore 
developed; with 50. or 60 grains, above .‘50 ovules; and 1, 2, or ;{ 
at the most sufficed the single ovules of JJlrMlis JaUipa and M. 
loiuj!Jtora. 

The bundle of pollen-lubes proceeding from tho style is distri¬ 
buted in fractions, or partied bundles, to the placentas, w'hen sovenU 
of these exist. The pollen-tubes make their way to the points of 
tho ovules (figs. 555, p f, & 553, d, p <), and one or two enter the 
■micropyle of each. Generally i^eaking, the tube ceases to elongate 
when it reaches tho outer surface of tho apex of tho embryo-sac. 
Sometimes it runs onwards a little w.ay (fig. 553, g), often depressing 
the membrane of tlio embryo-sac a littic. According to Hofinoister, 
‘it actually breaks through into the embryo-sac in Ganna. In all 
cases it contracts a ffim adherence, and possibly a kind of conjuga¬ 
tion takes place (fig. 556, B). 

866 . The arrival of \ho pollen tube upon the surface of the em- 


Fig. 665. 



Vortica! section of Ui<* orarj, 
cunittinmg one ovjtlts ■>f 
Oardnuin s, batMt of tho 
cnnnl of tht; tOyli*: o, IhkU* 
of tho ovulo bnmUo 

of poUoii'tiiboH, doM^oiid' 
in4 from tht^ Btigma; r#, 
rjtibryo-tuM'; nftHt'oul 

embrj'o. Mngo. 35 dioin. 
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bryo-sac is followed by the development of one (rarely of more) of 
the germinal corpuscles (fig. 656j A, e v) into tile germinal eeU 
(fig. 566, B, e i;)t 

In Oiehis, two of the corauscles are sometimes developed into embryos • 
In Citrus, ns mav bo readily observed in Orange-pips, two embryos are 
very frequently formed in the seed. 

Fig. 657. 



Fib. fiSS. Apoi of th« enibrvo-sac of Snnta!tti» album: A, just Iwfore imprewtion; B, iritt 
Vho pollen-tnbe (p /) adherent, and o oclluloae membrane upon the gemuual ceU 
(«v). Magn. 400 diain. , * « x.* ^ 

Fig. 667. I)cvclo|)ixi<mtofthi5emhi7oand»eedofTtf<m^^o6«^|Mtrwro#. ^ Se^onof* 
wed Boon alUr fertUiBution: e, embryo, in the upper end of e «, tte embTy^ea^ 

which in ttiii stage ii all that remains erf the nudeua; t«,interaiuintegui&ci»; ei, 
exUtrnal integument; #A cpideiTOaUayer; »», mioropyle; c,chalMa: n raphe;/, 
fhntoulua ». Section of half-ripe Bwa, with mtemia integument obUte^d, and ^ 
the embryo-sac filled with endosperm-coUs: oo, cotyledon; w, radicle of the em¬ 
bryo; fcNhilum; othrr references aa inih. <TUU Heetion r^esenU a 
which is penttansni in albuminous seeds.) 0. Section of a ripe seed, in which me 
growth of tile embryo has oiditerated tlio endosperm, and the seed oons^ merely 
of embryo and testa; the latter is composed of feWS perristent external tnfeegameot 
witii ifai epidermal lay«r» . 
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867. The development of the germinal cell into the em&n/o ex¬ 
hibits some variations in different cases. Most frequently the cell 
divides transversely, and the upper cell often elongates (sometimes 
dividing again by septa) so as to form a tubular coufervoid fllatncnt, 
or mspensor, hanging from the top of the embryo-sac, and bearing 
at its lower end the true embryonal cell, which soon becomes a mass 
of cells, which are ultimately shaped into a mono- or dicotyledonous 
embryo. This suspensor is seen especially in CruciferaD, Sciophubi- 
riacese, &c.; it is a single globular cell in Potamoyeton. In Zen, Fri- 
tiUaria, &e. the germinal cell docs not elongate at all. In OreJiis 
the siatpetmr grows out from the microi)ylc. 

868 . Different changes are undergone by the parts of the ovule 
during the development of the embryo (fig. 557). In cxalbuminous 
seeds (§ 298), the embryo in its growth destroys all trace of the 
mieleug, and in the ripe seed lies immediately within the coats. In 
seeds with albumen or endosperm (§ 299) the commonest condition 
is for the embryo-sac to become filled ndth ceUs which are moulded 
over the embryo internally, and to expand exteraally until the sur¬ 
rounding tissue of the nucleus disappear,- or remains only as au 
clement in the coats of the seed. The tissue developed in tin* 
embryo-sac forms the albumen. In Piperacem, Nynipha'acca', and 
a few other cases a double albumen is formed (§ 299), cndos]x'rm 
being formed both inside and outside the cmbiyo-sac, the latter being 
developed from the tissue of the nucleus. 

No ral(» can be given for the homologies of the “coats” of the seed— 
the testa and teymen or endopletira ,—which ant foraicd either from tlii' 
primine and seeundme, or from those and the nuelem —and sojueliines from 
one alone of them, its tissues tmdergoing a difierent development in dif¬ 
ferent layers. 

Fertilization. 

869. In the preceding paragraphs the structural arrangements of 
the sexual organs of flowering plants and tlie manner in which the 
embryo is formed have been described; it remains now to s;>cak of 
certain curious phenomena that have been observed relating to the 
process of fertilisation. The existence of distinct sexes in plants 
was inferred by Liimaeus from certain arrangements which he de¬ 
scribed, and which would favour the process of fertilisation, though 
it was soon seen that in many instances, as in the case of bisexual 
plants, the agency of tihe wind or of insects was required to con¬ 
vey the pollen to the stigma. Except in the instances just al¬ 
luded to, it was the general opinion that self-fertilization was the 
xale in hermaphrodite flowers, i. e. that the stamens of any given 
flower shed their pollen on the stigma oi the same flower. Bprongel, 
however, and recently‘Darwin have dc^e'^ttttch to prove that though 
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a flower may be structurally hermaphrodite, it is usually tunctionally 
bisexual, and that a greater number of hedthy seeds are produced 
when a cross-fertilization between the stamens of ouo flower and 
the pistil of another flower of the same species is effected. Darwin 
even states that in those cases where self-fertilization is the rule, a 
cross occasionally occurs. 


The facts just metntioned may be illnsti-ated by the case of the common 
Primrose, Ihc flowers of which are di- 
mor£h^ in some the stamens are ](mg Fig. 668. 

Slid protrude beyond the corolla; in .,-v^ 


others the style is long and projecting, VX y ' 

while the stamens are concealed within ^''’^9''/^ 

the corulhu Now the greatest number Wr f 

of fertile seeds are forme.d when pollen j I 

from the long stamens is made (by in- ! ip 

sect agtmcy or otherwise) to pass, not on A /I 1 rt 

to the short style of the same flower, Ij 

but on to tile* long style of another I'jljP I IB 

ilowpr. Other plants, siich as Ltrihrum yi|B I ! ■ 

SaluMria, are tniuorphic. hayina styles ww 

and staniens of three dinerent lengths. If Tf 

llecipriK-al fertilization is possible be- * 

tweiMl any two of these; but the most Po'ysnthos! a, Rtamensenerted, style 
p'rfect fertilization occurs when the ». style ea^rtod, stamen, 

style of one flower is impregiiatid with ^ 

|M)llen from a stamen of equal length with itself belonging to another 
flower. 


Though cross-fertilization is thus shown to be advantageous and very 
general, vet there are some cases where evmy adaptation seems to he 
made with the view of securing self-fertilization, ns in the fellowing case. 
In Dimibeva the staminodes or sterile stamens are lonjrer than the fertile 
ones, and are endowed with a power of movement in vikue of which they 
curve downwards and outwards, «o ns to come into contact with the fer¬ 
tile stamens, whose anthers open outwardly. In this manner the stami- 
uodes become dusttal with pollen, end then hecomb uncoiled, assume an 
erect position, so as to come into contact with the stigma, whose curling 
lobes twist round them and ree.eive the pollen from them. 

liildebrand gives the following arrangement of the distribution of 
sexual relations in flowering plants:— 


A. Male and female organs in different flowers (diclinous) , self-ferfiliza- 
rion consequently impossible, and foreign imprecation, accomplished 
by insect agency or wind, indispensable, tinder thia head ore in¬ 
cluded the flowers of dioBcious and ^moncBcions plants. 


B. Male and female organs in the same flower fmonodiTioiq i'i- 

1. One sex developed before the other ( dichogamous) . 'Hiose flowers, 
in which the male organs roach maturlfy Doiore the female ones an 


before the male 
prevented, and fi 


protogypoi^ ! Belf-impi;pgnation is thus naturally 
ISttiUzation u accomplished 1^ insect 
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2. Both sexes developed at the some lime. 
a. Flowe» opening. 

i. Anthers remote from the stigma. 

A. Length of style on diflerent individuals of the same species 

diverse {Hetnroslylia).' Self-impregnation is not prevented; 
but, in comparison with impregnation through insect agency, 
it is either entirely useless for ihdt-furmatiou, as in Pul- 
immria feffwiiuilis, or effected only with unimportant resmlts, 
as in Prinuda ntnetm's. 

B. Length of style on difierent individuals of the same species 

equal 

o. Sexiuil oi^ns cliniiging their reciprocal position during the 
development of the flower. Self-impregnation avoided; 

' impregnation by means of insects facilitated. 

00 . Sexual organa remaining unaltered in position during the 
development of the flowtsr. 

t Insect agency necessary to fertilisation; self-impregnation 
in fact impossible, foreign aid indisjiciisable : Orchjdem. 
Or self-impregnation possible, but not indispensable, 
foreign impregnation more frequent: Aselepiadc.'c. 
tt Insect agency not iiecessa^ to fertilization. Self-im- 
pregiiation possible, but impregnation also performed 
ny insects. 

The possibility of self-fertilization is evident—1, where the flowers ani 
erect and the filaments are lunger than the styles, os in Vitix, C7u‘tioit(j<liuiH, 
; 2, where the flowers are ^(undent and the filameiits are shorter limn 
the styles, ns in FritiUarm itupa-udu, Cmwallririu mnjnlis, &c.; but as all 
these 'flowers are visited by insects, cross-impregnation probably ofUm 
takes place. 

ii. Anthers near thekstigma. 

* No fruit formed without impregnation by insects: CtirydtiUt 

cava. 

It would scarcely have been deemed (uadible that self-fertilization was 
impossible in such an instance os Corydedis caoa, where the anthers are 
closely appressed to the stigma, and in which self-impregnation appears 
inevitable. In his experiments, however, Hildebrand discovered that 
when this plant was secunal from the visita of insects, and also when the 
pollen was artificially applied to the stigma of the some flower, no fruit 
wu set To obtain pertect fruit he found it necessary to impregnate the 
stigmas of one plant with pollen from another. 

* * Fruit fonned as a result of self-impregnation, but impregnation 

by insects not excluded. 

Instances of undoubted self-fertilization of individual flowers are known 
imthe genus Fhouirta, iifdvia hirm/da, Lmum wsittUvtsimuvi, Cephedanthera 
m<md^ora, Ophryt ajpifi^a, &c.; but the number and quality of seeds 
borne is less than where cross-impregnation is effected. 
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p. Flowers not opening. 

Self-impregnation alohe results, every foreign impregnation being ex- 
cludt'd; but these plants all have other flowers which open and are thus 
exposed to the possibility of extraneous impregnation. 

The general conclusions that may be drawn from the above facts are 
thus given by the author already cited:— 

1. The armngements in the majority of flowers are such that no seif- 
impregnation can take place, but a tnmsport of the pollen from flower to 
flower is nccomplishitd instead. 

2. Insects are necessary in most coses for the conveyance of the poUen. 

•“I. When the access of a flower’s own pollen is prevented, it necessarily 

follows that self-impregnation is impossible. 

4. In those cases where self-impregnation is possible, or even unavoidable, 
the possibility of foreign impregnation is for the most part not excluded. 

fi. And in tlicsci cases insects are active, and accomplish tho impreg¬ 
nation of the flowers. 

6. There is probably no flowering plant to which access of foreign 
pollen, at least to a portion of its flowers, is impossible, and continued 
selfsimpregnation alone possible—therefore no flowering plant which fur¬ 
nishes a proof against the general law wliich negatives self-fertilization. 

7. lly experiments it has heen found that where, by accident or design, 
the pollen of a flower falls on t^e stigma of the same flower, fertilization 
either does not follow, or when it dm s occur the q^uantity of seed is less 
than where fondgn pollen is employed. 

8. A gradual transition may be traced, starting from those coses vfhere 
self-impregnation is utterly impossible, to those where it is possible and 
evident, but not to the cxcludon of the possibility of a forwgn impreg¬ 
nation of the flowers. 

n. 'ilie sexual relations and mode of fructifleation do not invariably 
tend towards the morpliologicol affinities of the flowers. In some isolated 
families the sexual conditions of all members are alike; in other families, 
again, and even g»*nera, they art! essentially .different. The sexual relatinns, 
therefore, have not developed with equal pace and in the same way as the 
morphological relations in the transformation and perfection of flowering 
plants. 


HybruUzatim. 

870. The treatment of tho subject of the sexual reprodnetion of 
Plants would be incomplete without some notice of the phenomenon 
of hifbridization. or cross-brccding hetween di^inct species of plante. 

From the difficulties, arising partly from the nmnte rize of "iEfi 
structures, partly from the comparatively recent date of any accnrate< 
knonrledgo of the sexual organs of tho Cryptogamia, we are at present 
only acquainted with a few certain facts in reference to the cross-breed¬ 
ing of species in that Buhkingdom. It has long heen known, however, 
that in collections of cultivated Ferns forms spring up from timh to 
time presenting new characters, more or less intermediate hetween 
well-^own natural species; and these hare been commonly ac- 
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coonted hybrids., Tho discovery of the phenomenon of fertilization 
on tho prothallia (§ 845) of Ferns gives a now support to the suppcb 
sition that such plants ore hybrids, although the question is still 
insufficiently siipported by evidence. 

871. We possess, however, some facts of importance on this sul»- 
jeet relating to the Fucaceous Algm. Thuret took advantngti of tho 
extrusion of the germ-cells and spermatozoids (§ 832) in Fucaccac 
before impregnation to collect these separately and experiment on 
tho degree to which hybridization was possible. He found that sjMsr- 
matozoids of Wecits m’ratm and F. vesindosm would not fertilize the 


spores of OzoihalUa vuhjaru, and vice verm. Neither could tho 
spores of Himanthalia lorea be fertilized by Ozotlmllia mdi/aris or 
Fuetis serratm, nor the spores of Fuem eerratm by the spennatozoids 
of F. vesimhuue. 13ut the snores of F. ve eieuloms impregnated b 
the spermatozoids of F. serratue became 


which fact 18 the more interesting since F. veeicimmis is a variable 
plant in its natural state, while tho others named exhibit comiiara- 
tivc fixity. 

872. The existence of hybrids in Phancrogamia, produced by im- 
’ pregnatiug the ovule of one plant with tho pollen of another, is a well- 
ascertained fact; and indeed hybrids ‘are produced at wtII, within 
certain limits, by gardeners. 

ItM necessary to distinguish here between true hybrids, or mules, rc- 
sulting from the crossinn of distinct species, and sirablc c/vxt-Hre&fyfor 


wetoi) commonly included under the name of hybrids by |^rdcncr8,and 
ing from the crossing of varieties (S 311^ of the same species. 


t IS from the last operation that the great majonty of the “hybrids 
produced in favourite florists’ flowers, such as Pelarfjoniuni, Furlieia, 
&c., are derived—^this crow-fertilization presenting little difficulty, 
. and commonly occumng naturally where lai^e quantities of varieties 
are grown together. . 


The ready cioss-fcrtilizstion of varieties spontaneouslv, places great 
difficultv in the way of growing the varieties of cultivated vegetables for 
seed, Phe different varieties of the Cabbage, Turnip, Pea, &c. are 
ffifficult to preserve pure as sceding-plauts in large Mtdens or seed-grow¬ 
ing cstablislimcnts, from the fact of insects and the wind carrying the 
pollen from plant to plant. 

873. True hybrids can, as a rule, only be produced between plants 
belonging to the same '^nus. When thev are more diverse than 


even within the limits of genera, 
spomes will not always breed together. 


.Generic difference in Flowering plants usually involves difference in 
the stnictnre of the reproductive organs, we are therefore not surprised 
at the above ^tement; numerous instances, however, occur of the refusal 
of nearfy allied species totcross, where wa cannot detect any structural 
differences between them. 
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874. The tendency to croBs-breeding ia loss common than is fro- 
nuently supposed, uscitncr, the greatest experimental authority on 
tniH pomt, etatep. that in J 0,000 sets of experiments, carried on 
during’many years, he only obtained 259 true hybrids. It is found 
impossible, for example, to cross the Gooseberry and the Currant 
(two species of Jitbus), the Apple and Pear (two species of Pyrm), the 
blaekborry and llaspborry (allied species of Euhuti), &c. 

Kesidcs this pociiliar iudisjmsition to hybridize, there exists an 
obstacle in nature, in the greater facility with which an ovule receives 
the inlluence of its own pollen; Goertner describes this pheno¬ 
menon under Gio name of deetive aMnitt/, stating that when the 
natural jiollen and that of another sjiecies are planed upon a stigma, 
the foreign pollen remains inert; and even when tho natural pollen 
is applied a little time 8ubse(]uentl}’ to the foreign pollen, it acquires 
the supremacy, and the embryos prove true, and never hybrids. 

875. When s])eeie8 are crossed, tho result from the hybrid seed is a 
jdant differing from both ]mrents, bearing more or less relation to one 
or tix! other, us regards form and habit, in different cases. Gardeners 
do not apiKiur ugretid as to tho kuid of induenco exerted by the 
male and female parents respectively, in determining the character of 
the mule. Giertner states that in hybrids of Dii/itaJia the mules 
most resembled tho femiile parent, wliile in Nicotiana the reverse 
iipptiared; and ho believes no law^ can Im laid down in regard to l^his 
point. 

870. Tho seeds ripened after hybridizing generally form but 
a fraction of those matured under natural cireumstane.C8. Thus, 
according to Gmrtner, hybrids of Verbaneum Lydniitis with V. ni- 
i/rum gave but 03 per cent, of the normal number, with F. 
TkafiKitx 21 per cent., with V. jnframiilatum 3 por cent.; hybrids 
of DiaHthns lucrliiitux with IJ. Armeriii oS’per cent., ‘with I), ddloidt'S 
22 per cent., with D. virgitvitm 1 per cent., &c. _ Moreover dioecious 
plants appear less prone to hybridizo than those with hermaphrodite 
flowers. 

877. Tho seeds ori^nating from a process of hybridization pt;o- 
dnee plants varying very much in their degrees of fertility. It ap¬ 
pears that the majority are barren; in many cases only a portion of 
the seeds formed produce fertile plants; while in a few cases ttie hybrid 
plants are nearly as fertile as those of their parent species when 
unmixod. It is observed also that in fertile hybrid plants the flowers 
earliest opened arc tho most fertile, or sometimes are the only ones 
that ripen seed, subsequent flowers often developing fruits the seeds 
of which arc destitute of an embryo. 

This barrenness of the later flowers, from deficient vital force, ir in 
some degree analogous to what we sometimef^ observe in cut flowering 
stems of succulent plants. We have seen the ovary swell, imd one or 
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more soode become extensively developed on a cut spike of Aloe and on an 
umbel of CKn«m,'tbrown aside to witner. The seoas, however, were quite 
“ blind,” the expanmon consisting of an abnormal development of the 
integuments of the ovule, the nucleus and embiyo-sac rcinainiug un¬ 
changed. 

878. In some fertile hybrids it is observed that their progeny 
forming the second and third generations become more fciiilc than 
the original hybrid; it is noticed, however, that their descendants 
usually exhibit a great tendency to vary in external character, and 
often return more or less to the type of one of the parents. 

Hybrid characters seem, from the researches of Naudin, not to be per¬ 
manent. The plants revert, as above said, to the type of one or th<! other 
of the parents. What are termed " sports ” by pardoners, t. e. shoots 
diflering in character from those on tlie other portions of the plant , are 
frequently, but not always, due to a dissociation of hybrid or metis 
characters. 

879. The impregnation of the ovules of hybrids bj* the pollen of 
plants of either parent species produces more fertile seeds than arc 
fonned after self-fertilization of hybrids. Tlie progeny in such cases 
return more or less to the parent type, on the side from which the 
pure pollen comes, and by a repetition,of such fertilization the hybrid 
characters are lost in a few generations. 

S is an interesting fiict that the ovules of hybrids are sometimes more 
y fertilized bv pollen of a strange but pure species, than by their 
own: thus the hybnd Nieoftana pmuculato-ruttiea, W'hieh usually did not 
ripen more than 13 good seeds in a capsule, produced with the pollen of 
Jv. pnniculata 30, with N. rustica 20, and with this pollen of N. Langs- 
dorjii (a totally new element in the crossing) 10. In another experiment, 
when this hybrid produced no seeds by self-fertilization, 10 good seeds 
resulted from crossing with N. Langsdvrjii. 

880. A curious phenomenon has been observed in the garden 
‘plant called Cytiitm Adami, obtained either by grafting or true 
hybridation of the two kinds of Laburnum, Cytisus Lahurnttm and 
0. purpureas. The plants have in many instances exhibited a partial 
s a^aration or dissolutiou of the hybrid characters in the products of 
Afferent leaf-buds : on the same tree in which paTt of the branches 
bore blossom of the hybrid character, other shoots occurred, some of 
which had reverted to the character of Cytisus Laburnum, others to 
that of G. purpureas, the other parent. In some of the shoots, 
moreover, unequally combined characters of the parents were observed 
in different flowers of the same raceme. 

, In some cases it has been found that the reverted or pure shoots bore 
perfect seeds, while the hybrid blossoms were barren. 

CytisM Adami has generally been supposed to be an ordinary hybrid; 
but it has recently been wnta^ that it originates when C. pmpureus is 
grafted on Qalisus Ldbtarmm, offering thus an instance of affection of the 
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stock by the scion analogous to that of the variegated Jasmine and Ahutilon 
rofoirod to above (§ 813).. If this prove true, it will be a most important 
physiological facJt, opening a very interesting field for experiment, likely 
to lead to practical results of high value in the cultivation of fruit-trees. 
Certain igxirts of Hoses have also been explained by naft-hybridization; 
but these eases require strict scrutiny befoi-o they can be absolutely stated 
to result titim grafting. 


Oermination. 

881. Seeds placed under favourable circumstances germinate. 
They are capable of doing so even before they are fully ripe. 

The conditions favouring germination arc the iiresence of mode¬ 
rate heat, moisture, and oxygen gas. Water is absorbed; and 
substances contained in the seed are oxidized, with the evolution of 
carbonic mad, and sometimes of carbonic oxide and ammonia; and 
the starchy substances laid up in the ccUs become converted into 
soluble sugar and ready to supply the material for development. 
During this process much heat is evolved (see § 885). 

Many seeds germinate very quickly when placed in favourable condi¬ 
tions, especially those of Cmcijjcne, (Irnsscs, many Leguminosm, Cucur- 
bitacea*, &c.: nut the period varies, and is greatly afit^cted by the degree 
of heat to which they are subjected, the depth of sowing, which, on the 
one hand, provides against desiccation, and, on the other, removes* the 
seed lurtlier from the influence of the oxygon of the atmosphere. 

Seeds with a hard piiricarp or endocarp' (§§ 243,244) enclosing the seed, 
such as those of Jtosa, Cratcfijm, Almond, or with a bard testa (§ 206), 
I'teimia &c., ofttm remain in tiie ground a year before they sprout, unless 
previously .soaked in warm water. Every kind of seed germinates more 
freely at one temperature than at another. Seeds are very variable in 
this respect. 

(.'h(!micnl changes are observed in the germination of the spores of 
flryptogamia: in the resting condition they contain oil and albuminous 
matters, which are decomposed before germination and resolved into 
chlorophyll, dextrine, &c. 

882. The result of germination is the appearance of the organs of 
vegetation—and first of all of the root or radicle, which is to serve as 
the organ of absorption for the new plant. This almost universally 
turns downward, in whatever position the seed may lie, and pene¬ 
trates the sou (see § 700). 


2b5 
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CHAPTER VI. 

MISCELLANEOUS I’lIENOMENA. 

Sect. 1. Evoiirrioif of Heat by Pijints. 

883. In examining the cases falling into this section, it is im¬ 
portant to separate them into two chisses:—(1) those relating to tlie 
proper or specific heat of plants generally; and (2) tlioso more remark¬ 
able instances of elevation of temperature occurring at certain periods 
of development in particular plants. 

884. It being a well-ascertained fact that the chemical combina¬ 
tion or separation of various olement.s found iu idanta is accompanied 
by increase or diminution of sensible heat, and that the pi-occss of 
evaporation, constantly going on in dry weather in healthy plants, 
is a cartse of depression of temperature as the substance from the 
li<]uid passes off in the form of vapour, it is evident that the prftper 
temperature of plants, and their organs and tissues, must vary 
greatly according to the circumstances in which they arc placed. 
Yet, as the evaporation, and the fixation of carbon in a solid form 
from gaseous material—both “ cooling processes”—arc such ])repon- 
dereting operations in the nutritive and assimilative processes of 
vegetation, it seems scarcely possible, under ordinaiT circumstances, 
that plants should have a spedfic heat rising above that of the sur¬ 
rounding atmosplier^ 

t^85. The germiii^on of seeds, in which carbonic acid is abun- 

The difierent power of conducting heat possessed by the several (issues, 
and, in the case of the woody tissues, the difl'ercnce iu (he coiiducling- 
power according to the varying directions of (he fibres, together with the 
disturbances ansing from the unlike conductivity of the fluids md solid 
matters constituting in the cell-contents, render it very difficult to arrive 
at any general conclusions as to the specific heat of plants. 

From" Dutrochet’s experiments, made with a thermo-electric apparatus, 
it would appear that the specific heat of all parts of plants in their ordinary 
condition is rather lower than the temperature of the surrounding atmo¬ 
sphere. In cases, however, where evaporation was prevented by placing 
plants in an atmosphere saturated with moisture, the temperature some¬ 
times rose from to I- per cent, above that of the btmosphere. More¬ 
over a rise and a fall took place in the course of twenty-four hours, the 
' maximum occurring between ten and two in the day, the minimum at 
midnigut. It was further observed that the specific' beat was only dis¬ 
coverable in the soft or green parts, not in the woodv structures. 

The experiments, however, which have been mad^e to determine these 
points are by no means cnnclutive. It seems prolnhle that the increased 
heat observed in the stnu^ures of plants when evaporation is restrained 
depends upon the slow combustion of carbon, which is enabled to manifest 
itsdtf when the cooling influence dC evaporation is removed. 




KVOIOTtOW or HUAI, 


023 


dantly cvolvotl, is constantly accompanied by a risg of temperature. 
which is satisftuitorily accounted for oncheidcal principles; and the 

hoofing ” of heaps of germinating seeds is the more marked in con- 
soqneiico of the “ fermentation ” (or decomposition through contaet- 
uction, § 741) by which it is always accompanied. 

H8(!. The most Kimarkable instances of evolution of heat are those 
which occur during the flowering ^ plant^ This rise of tempera¬ 
ture ttpi)enrs to take place in all cases; ^nt it is most strikingly 
dLsplayed, of course, in plants which have a crowded inflorescence, 
and above all when this is surrounded by a structure confining tho 
liberated heat, us in the sputhes of the Araceaj, on whidi many ob¬ 
servations have been made. 

Arum maculatmn, .4. iialicum, A. Draeuiicnlus, Mieliardia etthiopica, Culo- 
|•(wia odorii, &c., the male infloifseenci! of Ci/cwi c^ctna/t«, the large solitary 
riowi'i's of (.'urtiiit urmuUjluru*, Jiu/tiouia rudieam, Vidoria regta, &c. ore 
aiiumg the recorded plmts in which tho rise of temperature has been 
obseiyed. 

Tho greatest evolution of heat, after the opening of tho spathe 
of Araeciic, is at the ])art where tho male flowers are situated: after 
the pollen has been dischnrgeds the upper parts of tho spadix grow 
wanner, and the lower parts cool gradually upwards. 

Experiments made to ascertain the cause of this heat lead to jlie 
conclusion that it is attributable to a process of combustion. Saussure 
found that the flowering spadix of Arum nuteulatuin abundantly ab¬ 
sorbed oxygen; and Vrolik and PeVriese, comparing the temperatures 
attained by a spadix placed in oxygen gas and by one placed in common 
air, found that the former always exceeded the latter, while a spadix 
kept for a longer time in nitrogen gas did not manifest any increased 
temperature. 

887. Connected with the subject of the temperature of plants are 
the intci’csting obscivations of Alph. Pe Candolle on tho difiTerent ex¬ 
ternal temnonttures rcduirod by different plants to stimulate them 
mtb cither vegotaBve or reproductive aenvity. it is welt known 
Qiat any given plant will rwpure a certain sum of heat during a 
season to enable it to go through its whole course of development, 
and that under certain hmits tho course of development will be passed 
through projmrtionately more quickly in warmer climates. Further, 
it is known that most plants of warm climates are killed by certain 
degrees of cold. But it is further observed that certain temperatures, 
insufficient to injure plants, are at the same time insufficient to 
“ start ” them into growth, and that diflerent species of plants have* 
different constitutions in this respect; while, ,on the other hanfl, 
excessive temperatures may render plants barren by over-stimulating 
vegetative action, as is observed in the Vme in the tropics, and 
commonly also in badly managed exstios in our hothouses. 
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Sect. 2 . LrunrofaTT'. 

888. In most botanical works wc find noticed tfie observation of 
tbe daughter of Linnicus, that she perceived a peculiar flashing Inmi- 
nosity of the flowers of Tropmolum maixts on a hot summer’s night— 
togctner with a statement that the same appearance has been ob¬ 
served in the orange Lilies, Sunflower, Marigolds, &e. The fact 
that all physiologists, from Saussure downward, who have sought to 
repeat these observations, have failed, and tliat the appearance is 
always assigned to orange or red flowers, leads to the belief that the 
statements are founded on error, arising from the peculiar cfica-t »)f 
these tints upon the eye. The influence upon the cy«! of the brilliant 
orange and crimson flowers of some of the llhododendrons and 
Azaleas now grown in our ganlons is very similar to tliat of looking 
upon a luminous body. The asserted luminosity of flowers is cer- 
tainly at present a very questionable matter. 





8 of caves, is phosphorescent, has 


Mildo to be erroneous. We could detect no trace of it in observations 
made some years ago, and we agree with Milde in attributing the 
appearance to the glistening caus^ by the reflections and refractions 
of light on the wet surface of the cellular leaves. 

According to Martins, tho milky juice of EupJioriia plmsphorm 


becomes lummous w 




S^. 3. Movbxeuts of FLAms. 

891. The absence ot the phenomena of motion was formerly 
imagined to constitute one of me distinguishing characters of plants 












































MOVEMBINTS OE PLANTS. 


625 


as contrasted with anjmais; but, in fact, members of the Vegetable 
Kingdom not .only exhibit partial movements of their internal or 
extoYmil structures, but in some cases the entire organism has the 
power of locomotion^ 

Tlic movements, however, of different plants arc dependent npon ' 
very diverse causes, some of them being entirely mechanical, and due 
fo physical aATcctions of the tissues by the conditions of the surround¬ 
ing atmaspliero, and to alternate conditions of turgcsoenco and 
exlianstion; others arc mechanical in appearance, but excited by 
causes which siin])]e physical laws will not expbiiu; while a third 
kind depend upon the contractile quality of the protoplasmic sub¬ 
stances, which gives rise to automatic movements comparable to those 
of the lower animals and to the ciliary motion found in particular 
tissues of the highest animals. 

by2. To the first of these classes belong such phenomena as the 
bursting of sced-veasels, anthers, &c., attributable to the hygroscopic 
conditions of the tissues, which, possessing unequal power of imbi¬ 
bition and unequal elasticity, are tonj apart or curved in various 
ways by unequal eoniractions and expansions, caused by access or 
abstraction of moisture. .These .are coses of what is called in 
common language “ waqnng,” and can scarcely be regarded as vital 
jihenomena, being definite modes of destruction of dead structures, 
resulting from special structural conditions. • 

.sy;{. The second class of movements are those exhibited periodi¬ 
cally, or under speeitd stimulus, by the external organs of plants, 
such as the “ sleeping ” and “ waking” of leaves and flowcra, and the 
movements of the Sensitive Plunts, &e. To these may perhaps be 
added the less striking, but not less enigmatical, movemeuts which 
cause the twining condition .of stems Ac. 

8t)4. The movements of the third class are those already adverted, 
to in former sections, where the protoplasmicTnatter of cell-contents, 
or free bodies, such ns zoospores, si)ermatozoida (§ 737), or even 
perfect individuals, such as Besmkliecp, OsciUatonacem (p. 439), ex¬ 
hibit temporar)' or permanent jmwer of locomotion. 

The rotation of the protoplasmic cell-contents (§ 736) doubtless de¬ 
pends npon (imperfectly understood) causes similar to those which 
render many of the simpler plants locomotive; and the movements 
exhibit the closest resemblance to those of some of the Protozoa in 
the Animal Kingdom—^in particular, of Amoela and its allies. The 
locomotion of free products of the cell-contents, such as zoospores and 
spermatozoids, is generally immediately resultant from the mbyement 
of dlia existing upon their surface; and the same statement applies 
to the locomotion of the “ cell-families,” which form the repfesen- 
tatives of species in the VolvocineEe (p.*440). The locomotion of 
the OscillatoriacesB and Diatomacese 439), however, does not 
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appear to be offeeted through the agency of cilia; at all events 
no such structure can be detected with our present,means of ob¬ 
servation. 

. The ciliary motion of the unicellular plants and reproductive bodies is, 
although inexplicable, a mom general phenomenon of life than the move¬ 
ment of the lhatomaceffi &c., where these organs are not detected. Some 
authors incline to regard tho motion of Dintomucem as dependent upon 
osmotic cummts, re.«ulting from the interchange of matter between the 
cell-contents and the surrounding water. 

895. Movements of various kinds, more or less mechanical in 
appearance, take place in the higher plants through tho power of 
imbvbitioji and the elmtmty of their tissues; these movements arc 
generally immediately produced by stimuli of various kinds disturbing 
the equilibrium in the tissues. 

Great difference in the power of imbibition e-xists in diffenmt kinds of 
coUular tissue—coUenchymatous tissue (§ (510), for example, swelling out 
when wetted, and contracting when dried, far more than woody structupjs. 
Experiments have shown that the degrees of expansion and'contraction 
vary in different plants and tissues of plants in a range from ^ 

the diameter of the cells. In cases of great contraction a wrinkling of 
the cell-memhrane is generally involved. ' 

.411 living cell-membranes possetss a certain degree of elasticity; and 
consequently a certain amount of diffemu(;R of dimensions is dependent 
upon the degree of tension or turgcmxmce of tho cell from the presence of 
fluid contents. Cells in which osmotic processes are going on are con¬ 
stantly in a state of greater or less tension. 

The expansion of cellular tissue through turgescence, permitted by the 
elasticity of the membranes, appeius to have a much smaller ran^ than 
the expansion by simple imbibition. The experiments of Unger and of 
Brucke give a range of to 

. 89(5. It is evident that the clastioity of parenchymatous tissues 

must be capable of eifcrting influence on the position, form, and 
direction of the organs of which they form part. Supposing a tissue 
to be uniformly developed, its expansion through turgescence need 
not alter the general form, nor the relative position of the parts; but 
if unequal endosmoso take place in diflercut parts, causing distur¬ 
bance of tho equilibrium of turgescence, curvature and distortion 
must ensue. Again, if an organ is composed of regions in which tho 
tissues differ in degree of elasticity, it may suffer a disturbance 
of the equilibrium of turgescence stiU more readily; and this is pro¬ 
bably the cause of most of tho automatic movements of organs of 
plgnts. 

897. The equilibrium may bo disturbed by various stimuli, mecha¬ 
nical and chemical. When an organ is strikingly affected by mecha¬ 
nical influenoes, we have the phenomenon of irritability,” such as 
we see in the Sensitive Plants, Dimuea, &c. The sleep” of plants 
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is doubtless a phenomcoon differing only in degree ; and this slower 
inovement is probably attributable to the chemical action of 
light.’ 

898. The movements of plants consist for the, most part of the 
curvatiiro or the fijdmg-up of organs ; and in sncJi cas^ the organs 
are always found to possess certain peculiarities of structure and 
mode of union to other organs. 

The movements take place periodically (in consequence of the 
rogiilar alternations of cxtcnial inttncnccs), or irregularly (from the 
accidoutul inhucncc of sjiccial stimuli). 

899. Periodical movements ore more particularly connected with 
the influciicc of heat and ligKt; and their degree is generally more 
or less proportionate' to the. intensity of these influences. 

The most common kind of movement is that in which expanded 
leaves or floral pnvelo 2 )e 8 return to the position which they originsiUy 
oceiipied, or close up into the same folds which they exhibited in the 
bud«. 

roinpouud leaves, like those of Jjeguniiuosse for instance, display a 
simple or compound movement; in the IJean (Faha imlf/wis) the leaves 
fold upwards, in Lufiiiiuii dmvpwai-ds, in Tnmarmdm to the side. In 
Amorjiha fnUicDsa and (Uriliturhia trianiHlhox the raebis or common 
petiole of the compound leav('8 risea or sinks, while the leaflets turn down¬ 
wards or to the side. In Mimoxa /mtlira the leaflets fold together, the 
partial petioles approach each other, and the nichis or main petiole sinks 
down. 

900. When such movements of leaves or foliaceous organs occur 
at particular hours, and Ihe sti-ucturcs remain in the now position 
until tho recurrence of a particular period, the closing up is called 
thcslec/j of plants, which is observed both in green leaves and in the 
petals of flowers. 

Tho epoch at which the movements take place is very varied. 
Ordinarily, leaves expand in the daylight and close towards even¬ 
ing, while flowere exliibit a great diversity of habit in this respect— 
so much so, indeed, that I.innasus was enabled to draw up a list of 
flowers, fancifully termed a “floral clock” (Jiorohgium Floras), in 
which a periodical movement (opening or closing) marked each suc¬ 
ceeding hour. 

Iponura Nil and CaJystepia sepmm open their flowers at 3-4 a.m. ; Tra- 
yopogon at 3-4 A.M., closing again before noon; the Nymplueee, Nuphar, 
Laciuca, &c., about 0 a.m. ; AMoyaUis arvensis, 8 A.M.-fclosuig again when* 
the sky is overcast); Omifhogalmn umie/latum,llAM .; Mesembryanthacen 
generally about 12; SXkiw noetiflora, Qinuthera Uennis, MirahUis Jalapq, 
&c., 6-7 P.M. ; Census grandiflorm &c.. Datura, Mesemhrya/Hihemum noo- 
Hjiorum, See,, 7-8 p.m. ; Victoria regia opens for the first time about 6 p.m., 
and closes in a few hours, then opens again ft G a.h. the next day, re¬ 
maining open until the ammoon, when it closes and sinhs below the 
water. 
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Some closing flosrers may be caused to open by exposure to strong arti¬ 
ficial light (Croats, Gentiana venia)-, on otbets (Cmiralmthts) this has 
no efiect. 

901. In most of the periodical movements tho motion is very 
slow; but certain exceptions to this exist. Thus in the lc.wes of 
Desmodium tjiirans and other siwcies, the Inhdhnn of Alef/afliniHm 
falcatmn, the stylos of Sti/lidium adnatum, and others, the move¬ 
ment is quick enough to be directly jwreeptihlc. 

In Desmodium ffi/rans (the Telegraph-plant) tho trifolioliite compound 
leaf has a large tenninal leaflet, and a smaller one on each side. VVhen 
this plant is exposed to bright sunlight, in a hothouse, the end liMitlet 
stands horizontally, and it falls downwanl in the eveming: but the lati'ral 
leaflets move constantly during the heat of tlie day, advancing cdgtt first 
towards the end leaflet, and then retreating and moving towards the base 
of the common petiole, alternately on each side, in a manner very well 
comp.ared to the inoA'ements of the arms of the old sems])l)oi'e telegmplis. 
In Jnngaclimum falrafiim (Orcliidacoio), when exposed to siiflieh'iit heat, 
the labcllum rises and fulls slowly in periods of several mmuU-s: this 
structure is also irrifahle, and moves more quickly, with an oscillatory 
motion, when touched. 

902. Irregular or irritable movements take place in a great variety 
of plants, of which the following paragraph contains the most 
striking examples:— 

Leaves: The “ Sensitive Plants ” (Mimosa pudiea, sensitivn, casta, and 
many other species ); jdise/n/nomeae. scusHiva, indica, pmnila ; Umithia sensi- 
tiva\ Desmanthns sMonifur, tntptelris, laatslris; 0:ratisseiisi(ina, and, in leas 
degree, Gxalis striata, Acetoseltu, etmtiruhita, De/tpei, iSrc.; Robiiiia Pseudo- 
acacia folds its loaves when violently shaken in the morning; bisth', 
Dmuea muscipula, the Venns's Ply-trap. 

In the case of the sensitive plant (Mimosa pudiea) there is a .swelling 
at the ba8<! of tlie petiole, the cells of which constitute, as it were, two 
springs acting in contrary directions, so that, if the one from any cause be 
paralyzed, the other pushes the leaf iii the direction of least resistance. 
These springs, if they may be so called, are set in action by the rush of. 
fluid creating a turgid state of the one set of colls and an empty state of 
the other. What circumstances regulate the turgescence are only im¬ 
perfectly known. The spontaneous slow movement which occurs at 
stated periods (movements of sleeping and waking) is different from the 
sadden motion caused by external stimuli. Ether paralyzes the latter, 
but ha8_ no effect on the spontaneous movements. There is no special 
•contractile tissue in these plants. 

Stamens —curving towards or away firom the stigma and dehiscing when 
touched: Berheris vutga/ris and other ^jcies, Pariefaria Judaiea, Spar- 
tfamnia afneana, Cereus grandiflorus, HeUanthemum vedgare and other 
species, and various plapts of the tribe Cynaretr (§ 443). Other curious 
movements of the stamens and pistils, and also of the staminodes, arc 
alluded to under the head 6f Fertilization ($ iflO). 

Styie : Ooldfnssia anisophgUa, Mipiiytua, Mitnuhts Lamm, &c. 
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903. The peculiar movements of the pollen-masses of Orchids have 
already been alluded to (p. 383). Another illustration from Orchis 
pyramdalis may hero be given. In this plant the hvo eaudicles of 
the pollen-masses are coniicctt'd together by a saddle-shaped disk, 
the pollen-musses when iu the anther being nearly vertical in diroc- • 
tion and parallel one to the other. When removed from the anther 
by tbc proboscis of an insect or the point of a needle (fig. 559, a) the 
saddle-like disk contracts so as to attach the pollen-ma.s8 to the 
needle &c. Then occurs, first a divergence of the two poUen-masses 
one from the other, and subsequently a depression, so that they 
assume a nearly horizontal direction (fig. 559, 6). In this position 
they are so placed as to come into contact with the V-like stigma of 
another flower and thus effect cross-fertilization. 


Fig. 559. 



a h 

Ore1U»jyffimidaUfiX a, renorod from the anUier, Teitical; 

dt pollen’itiasBes divergent and homontul. 


904. Those movements of young stems and appendicular organs 
by which they coil spirally round bodies supporting them are 
attributed by some authors to a kind of irritability, the stimulus of 
the contact with the sujqwrting body causing the growing stem to 
curve itself over continually, producing ultimately a coiled condition. 
The direction of the turn's of tbc coil, right or left, depends upon 
special tendencies of the particular plants, some (Hop) turning to the 
right hand, others (Convolmdm) to the left (ihe observer supposing 
himself to stand in the axis of the spiral). 

905. This explanation of the coiling of stems is not very satis¬ 
factory, nor arc those which are offered of the curvature of the 
growing-points of plants and the upper faces of leaves towards 
the light. If a leafy shoot of any plant is bent down, without injury, 
BO as to reverse the usual position of the faces of the leaves, the 
latter will twist upon their petioles and turn their upper faces to 
tho light. Shoots of slender-stemmed, quick-growing plants, suefi 
as the Jasmine, Ampelopsis, &e., when trained into a dark recess, 
turn their growing-point backwanis in a sharp curve, and grow 
towards the light, the leaves on tho older part of the stem also twist¬ 
ing round to face tho light. The infiueijco of lateral light is di¬ 
stinctly seen in plants grown in rooms, in front of windows; while. 
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the “ drawn-up ” condition of closely planted trees is an equally evi¬ 
dent result of pref»onderating top-light. 

The phenomena of the movements of climbing plants, including the 
spontaneous revolving movement of tendrils &e., and that dependent 
on contact, have been studied in detail by Mr. Darwin, who has 
shown that oigans of the most diverse morphological character may 
nevertheless exhibit the same phenomena. The movement of de¬ 
pression in the branches of trees in frosty weather has been investi¬ 
gated with great minuteness by Professor Caspaiy^; but the inducing 
causes of the movements are at present imperfectly known. 

It oppears, from the evidence at present existing, that the blue and 
violet rays are the most efficient in causing the growth of stems &c. towards 
the light. It is .certain that the result is not produced by any attraction 
comparable to magnetic action, but by intiuence on the development or 
turgMcenec of the tissues, since experiment has showm that seedling 
plants freely suspended or floating in water nn> not mechanically moved 
towards light admitted to them from a particular point in a dark 
chamber. 
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PART IV. 

GEOGMPinCAL AND GEOLOGICAL 
BOTANY. 


CIIAPTEK I. 

OKNEKAL COKSIDElLmONS. 

yWi. The object of this dcpiirtmeot of Botany is to determine the 
laws which rnlo over the Jtistrihutiou of Plants in Time and S 2 )ace. 
This abstract study is founded iii)on the facts famished by Botanical 
(jeo^rraphy and (Jeolojjy, or the description of the present and 2 )ast 
conditions of the Vegetable inhabitants of the globe, and, in return, 
supplies those branches of jiracticul inquiry with principles by megns 
of which they may be systematized. 

Ifntam'rnl Geof/raphtf, which iinde-rtakes the description of the pecu¬ 
liarities of the vegetation oceuiTing at pi'osc-nt upon the earth’s surface, 
and Hotaniral Oeolw/}/, which pinviios th(! in\ estigation of the conditions 
of vegetation which have snceessively existed m diflerent Geological 
epochs, deal with facts so for distiiHSt in their character that it is most 
convenient to treat of them separately : but the prAieiple* are common 
to hotli, and may he taken as one subject. 

K.vplanations of the facts which are obtained by geological inquiries 
can only be securely founded, either directly or_ indirectly, upon laws de- 
riveil from facts fiiniishcd by exiieriemo of existing phenomena; hence 
the principles laid down in the present chapt^ are for the most port 
only actiiRllv valid in ndation to existing conditions, and, the subject yet 
being in its infancy, are mostly only speculatively applied to the elucida¬ 
tion of geological phenomena. 

Sect. 1. Inpixunce op Exikbnal Agentb upon Vesetation. 

Climate. 

907. Plants are endowed with means of diffusing themselves, mor& 
or less efficiently in different cases, over the suriacoof the glohe; ljut- 
in most cases their existence is Uroited to certain regions or countries. 
Ocographioal obstacles prevent their spreading indefinitely:—some 
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subject to be overcome by accidental influences, such as seas inter¬ 
vening between countries, and the like; others which can neither bo 
conquered nor evaded, such as rlimate, which fixes unalterable limits 
to the stations which can be pennanontly occupied by species. 

908. That Cold and Heat, Damp and Drought, intensity and du¬ 
ration of Light, the chief constituents of what we call Climate, arc 
the most important of the external influences acting upon plants, is 
a fact manifest not merely from the conclusions at which we have 
arrived in the study of 'Vegetable Physiology, but one which is re¬ 
vealed by the most slender experience of hortienlturo and the most 
superficial acquaintance with physical geography. 

The nature of the soil doubtless has also much influence on the 
distribution of plants, dependent less, probably, on its chemical com¬ 
position than on its mechanical constitution and hygrometric state. 

909. Every species of plant flourishes best within a certain range 
of temperature, beyond which, on both sides, it cither suffers from 
summer heat or is killed by winter cold. 

910. If the earth’s surface were of uniform <;haraoter, ive nlight 
expect to find forms of vegetation arranged in bands or zones suc¬ 
ceeding each other from the equator toward the poles, each occupied 
by plants “ hardier” than those of ite equatorial neighbour. Such 
zones of vegetation have in fact been laid down by botanical geo¬ 
graphers. Meyen drew up a plan, in w'hich a number of zones 
were marked down, defined on each side by lines passing round the 
earth at certain parallels of latitude, between which a certain average 
climate was assumed to exist. 

But, from the want of uniformity of the surface of the globe, the 
isothermal lines, i. e. linos passing through .spots which have an ecinal 
annual temperature , by no means correspond to panilfcls of latitude— 
the distribution of land and sea, and the alternation of plains and 
mountains, deflecting such lines to the north and south, sometimes 
to a very great extent. In addition to this, from the diversity of 
habit of plants, they are differently affected by heat and cold, and 
the distribution of species is far more influenced by the summer and 
ivinter temperature than by the entire amount of heat received 
during the year. 

Nevertheless, as a general rule, plants have a polar and an equa¬ 
torial limit, fixed by temperature. 

Temperature as regards plants may bo divided into useful, useless, and 
injurious or destructive. Each plant requires a certain sum of heat to 
live, M much more to flower, more still to riijen its fruit, &c. Within cer- 
■tain limits itisimmateri^ whether the plant get this heat in a short period 
• or,diffiued over a longer time. Temperatures below 32° F. are useless to 
most plants (that is to say, vegetative action is arrested); but many sur¬ 
vive at a much lower teniperatuie. Every plant has a zero of its own. 
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911 > An important qualification arises from the existence of high 
mountains within temperate and tropical latitude^. Tho tempera¬ 
ture of the soil, and atmosphere diminishes with the degree of ele¬ 
vation above the surface of the ocean ; and a succession of limits are 
found upon tlio sides of high mountains comparable, and in a great 
degree })ropurtioual, to the polar and equatorial limits of plants. 
Mountains situated in tlie tropics possess zones of climate which, 
at successive (devations, resemble horizontal zones situated between 
the base of the mountains and the poles. 

!) 12. Moisture and drought are only to be called secondary dimatal 
influences, from the circumstance that they depend in a great mea¬ 
sure uiion teni])eratui'e, either directly or indirectly. In the Arctic 
regions and ujxm mountain-tops, covered with eternal snow, there is 
drought from the solidification of the water. In temperate and tro¬ 
pical r(!giims the degree of humidity is dependent not merely upon 
Icmjierature, but ujion this combined with tho configuration of the 
surface of the earth and tho nature of the sods. Wherever the tem¬ 
perature of the atmosphere is above the freezing-point of water, it 
lakes up atjueous vapour; even ice evaporates in warm air; and 
water evaporates in j)roportiou to the temperature to which it is 
exposed. • 

The ocean, esjieeially in wiirm latitudes, gives up vast quantitiwi 
of aqueous vajauir to the atmosphere, which it delivers in very 
variotis ways to tlio land regions. Islands and coasts in general 
have a moist climate, while the interior of continents is dry: but 
these rules an! iiiterfcrcd with by currents or previiiling winds, 
carrying air loaded with moisture in particular directions. As an 
cxamjde of this, wo find the west cotist of Europe with a much 
damper elimatd than the opjiosile, east coast of America, owing to 
tlic Gulf-stream and the winds bringing the moisture of tho West- 
Indiau Sea in a north-west current on to our coast. On the con¬ 
trary, the prevailing winds blow.off the west coast of Nortli Africa, 
and those received on the north-east side come from over dry land, 
whence a vast tract of land lying in this continent becomes an arid 
desi-rt. 

There is a great differonen also between mountainous and fiat 
countries. The cold u])j)er regions of tropical mountains arrest the 
prevailing e.urrents of air and ])rocipitate the moisture which they 
contiiin. Hence tho tracts at the foot of mountains are well supplied 
with moisture if tho altitude is sufficient, as at tho south slope of" 
the Himalayas and the east slope of tho Andes. JEtna, which does 
not reach the line of jterjjetnal snow in Europe, has arid and barren 
slopes in tho upper regions. 

Those very gonorid indicAtions of climatal influence must suffice hero 
to show how importantly vegetation is afiected by physical influences. 
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A complete account of this branch of the subject would require a volume 
for itself. 

913. Of all the influences to which plants are exposed, cl imate i s 
the most imuortant : it sets absolute limits to sDecies. whicli ^ not 
the case with any other of the causes atfecting distribution. 

Secondary Natural Injlueneex. 

914. There is uo doubt that the distribution of plants is greatly 
affected by the conveyance of seeds, fruits, ifec. fi’om place to place 
within the same cliinatal region, by maiine currents, rivers, winds, 
&c., and by animals, especially birds. 

An example of diffusion by marine currents is furnished by the occur¬ 
rence of the Cocoa-nut Palm fringing the islands of the Ihwitic; and it is 
probable that the mixed vegetiition of many islands is to bo accountisd 
tor in part by such causes. Marino currents arc of most importiiuce when 
they puss along coasts, or across tracts of ocean in similar latitudes—such 
08 that part of the Lt-ulf-stream running in the Mc^xicou Clulf, the cm*- 
rents running from Madeira to the Canaries, from the last to iSeuegal. 
the east-to-wost current of the Society Islands, &c. Kivers will also be 
most influential when they flow fi'om the east or west. Currents of any 
kind passing northwards or southwards>are less likely to convey seeds 
into a suitable climate for their naturalisation. 

The winds do not appear to be very influemtial in transporting I’hime- 
rogitiuous plants; but tliu cosmopolitan distribution of the Ciyptogamia 
' is at least partially attributable to the facility with which their micro- 
8c(mic spores are carried away by currents of air. 

l(»)bergs probably hove some share in diffusing plants, since they are 
often found loaded with mosses of earth containing seeds, which the}' 
occasionally cast upon strange shores. There is reason to believe that 
this kind of influence was for more actively at work in-INortb iiuivpe in 
the geological period preceding the present. 

The transport by animals takes place partly through migrating birds, 
partly by quadrupids which have wandering habits. Among birds, many 
of the omnivorous kinds (for instandi the Thrushes^) migrate from north 
to south in autumn, at the time when berries and similar fruits are ripe, 
and they often void the seeds of these fruits little altered. Animals 
Which, like the northern Keindeers and the Buffaloes &c. of other lands, 
travel from place to place in troops in search of food, doubtless often 
carry seeds and fruits Shoring to their fur into new localities. Flocks of 
animals transported through human agency become more fruitful sources 
of this influence. 

• 915. Animals may likewise greatly affect v^etation in the way 

of limitation. The invasion of a region by floclm of graminivorous 
quadrupeds, the sudden appearance of plagues of locusts or any 
pther of the numerous insect enemies of vegetable life, may quite 
change the character of the vegetation of a district, somewhat in the 
manner in ■which a total^- different assemblage of plants springs up 
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on the ground cleared by burning the primajval forests of South 
America. 


• ’ Effects of Human Interference. 

916. The results of the activity of man display tfaemsei ves in both • 
extensions and limitations of the distribution of species. 

From the lime of the earliest migrations of the human race, cer¬ 
tain plants must have been in a condition of constantly increasing 
diltiision. The native countries of our Cereal graius are not satis¬ 
factorily known: they have been or are cultivated wherever they 
will grow in Europe and the adjoining ports of the other continents. 
Doubtless many of what wo oail weeds have shared in the transport 
of the seeds of useful ]>hints, having been cither mixed with them or 
accidentally adherent to tlic clothes, goods, or domesticated animals 
of the wandering races. 

Tiunsport of this kind would bo stUl more active as agriculture 
extended; and wars, the improvement of navigation, the disooveiy of 
the* New World, and countless minor events contributed to increase 
the interchange of tlic natural products of ditferent regions, cither 
intentionally or by accident. 

Systematic cultivation of land is peculiarly favourable to the in¬ 
termixture of new elements in the Homs of ])articulur regions, from 
the fact that seeds of many varieties of uiseful plants are constantly 
im])orted from climates where they ripen better or can be kept more 
easily at a higher standard of excellence. 

Clover-seed, for instance, is laigely impoi'ted into Britain from France 
and Germany; many of the woimIs of our arable lands have doubtless been 
introduced with foreign se«!d, such as Adnmseauluamalis, Veronica Biix- 
bautnii, I'ajMvei^somuiferum, &c. Ballast-henps at sea-ports, where vessels 
returning home from ’ foreign countries discharge their b^last, have be- 
<M)me frequent sources of new importations; and merchandise, such os 
cotton, but especially seeds, fruit8,_dye-stufls. See.’, often contains seeds of 
plants, some of which now and then acqiiire a footing. 

Horticulture is so evidently one of the most important influences in 
the dillurion of plants, that it is sciuxicly requisite to dwell upon it. 

918. On the other hand, human industry has a great tendency 
to extomiinato particular forms of vegetation, or, at least, to greatly 
affect their relative predominance in a given region. The destruction 
of forests for the purpose of clearing land for cultivation changes 
the whole face of vegetation, and oven, to some extent, affects the* 
local oUmate. 

Instances of ch'anTO of this kind might be fUmished from almost every 
part of the globe, ^orth Europe was clothed in. early times of the pre's- 
sent period with dense foreste, long since cleued away to {pve place to 
cultivated plants and a multitude of wild plmits suitra to the mfierent 



636 


, G£0GBA.PH1,CA£ AND 0£OIX)OICAD BOTANY. 


conditioDS of the soil. The forests of North Amcifica are, in like manner, 
dii^pearing by degrees under the hand uf man. _ 

Tne change is not merely one kept up by a continual effort of cultiva¬ 
tion ; the original v^tation does not always reestablLsb itself whesp the 
region is deserted. New kinds of plants spread over the cleared ground 
' and new animal inhabitants come to check the efforts of the old forests to 
renew themselves. 

Sect. 2 . Influence of the Laws of Development of Plants. 

919. If we leave out of view the (luestion of the origin or creation 
of plants, there is no reason why any given species should not exist 
in all pbices where the elimatc is suitable. 

Some kinds of plants aie, indeed, very widely spread over the surface of 
the globe. Dr. Hooker has enumerated upwards of .'iO speides of blower- 
ing plants common to Northern Europe and the Antarctic regions. A 
considerable number of North-European species extend round the globe 
in northern bititndes, in the colder parts of North America and Asia. 
Not a few of our plants occur also on the Himalayan Mountains. £jji- 
lohiuin tetraffomim, a British species, is found in Canada and in 'rierra^del 
Euego. Our white Hedge-Convolvulus, with some other British plants, 
occurs in the (lalapngos Islands. Many of the Falkland-Islaiid plants 
are met with also in Iceland, nantagu maritinui, a common sea-side plant 
ivith ns, is found at the Cape of Oood Hopo aud at the southern extremity 
of America. 

920. Instances, however, of such cosmopolitan plants arc cxci'])- 
tions to the rule, and the majority of the plants occurring over wide 
extents of the globe present characters which faciUtutc their dif¬ 
fusion by natural or artificial influences. 

The plants (Pkanerogamia) occupying ev<m one-third of the earth’s sur- 
fai% are but a small ffraction of known plants. Many of these lU'o mpiatic or 
suhaquatic plants; and a considerable number belong to the list of weeds 
which accompany man, growing in cultivated laud or rubbish &c.; few 
' or no woody plants occur in the lists hitherto puldished. , 

921. It is observable that those cosmopolitan species which occur 
widely spread over two continents arc found also in the adjacent 
islands. 

The arctic plants occurri^ in the continents of the Old and New 
World are found also in the laroes, Iceland, and the Aleutian Islands. 

922. On the other hand, certain pLmts oec«r only within very 
narrow limits; this is the case with many continental species, but 
.more particularly with insular plants. 

St. Helena, Kerguelen’s Island, Tristan d’Acunha, Madeira, &c. have, or 
once bad, peculiiu species; the archipelagos of the Canaries and the Qala- - 
pagoB have species peculiar even to pai^cular islands; California, the 
Cape of Good Hope, pertain regions uf the Andes, &c. possess species 
stnctly limited to those rc^ons. ^ 

923. The floras of many islands which possess peculiar species 
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inclado, besides, a greater number of species common to the islands 
and the nearest continents, or other islands, or botlu 

Of 672 species.of Phonerogamia and Ferns occurring in Madeira, 86 
only are peculiar, and 480 occur also in Eun^. The Azores have 2^ 
out of 425 in common with Madeira. The Canaries and Madeira have 
<‘)12 species in common, Madeira and Gibraltar 170 in common. Great 
Britain has no species of Flowering plant peculiar to it: some of its 
plants arc raiumou in Central Europe, others in Western Eurojai; others, 
again, extend through the Faroes, Iceland, North Europe, and North 
Asia and America. 

924. Generally s}>caldng, the species of plants of a continent are 
found must abundantly over a particular more or less exteusivc tract, 
growing scarcer, more or loss suddenly, at the margins of this space. 
Such a spuce, called the area of distribution of the species, in these 
cases exhibits a centre or point of greatest intensity of occurrence. 

925. The areas of many plants extend not only over continents, 
but over detached islands, and even to other continents. In many 
instances species arc spread intermpiedly over their area, as is the 
case'with the ulpino plants common to Norway, Hcotland, and the 
Alps, &c. 

926. It is usual to find the maximum of a species in one conntiy, 
forming a single centre; and this same 82 )ccic 8 does not recur again 
with a centre in a distant sjiot with a similar climate and soil. But 
repre-Mniative species of the same genus occur not unfrequcntly under 
such circumstances; and this is stiU more the cose with genera of 
purtieular Orders, somet imes also with Orders of like habit. 

Thus, the Violets of Europe and those of North America are distinct; 
the dwarf Palm, Chanuerops humiUs,- of Europe, is represented by C. 
Palmetto in North Amcru». The Heaths (Jirico) of Europe are repre- 
simted by difforemt sp^ies at the Capo of Good Hope. The East and 
West Indies and Africa have tlieir peculiar Palmoccss, Zingiberacese, 
Miu-antac.eea, &c. The succulent OoctaceiE of Oentitil America represent 
the fleshy Euphorbiaceie, Asclepiodaceie, and Mi^embryanthaceee of 
Africa. The Cape Heaths are represented in Australia by l^acridacem, 
associated in like manner with Myrtacew and_ Proteacea). The Firs of 
the southern hemisphere belong to genera distiuct from those of the 
northern hemisphere, &c. 

927. The evident absence of a constant relation between the 
existence of certain dimatal conditions, and the occurrence of par¬ 
ticular species of plants—still more, the existence o£ limited areas 
of distribution, often exhibiting centres of greatest abundance—^have 
led to the supposition that the individual species of plants have been 
created at particular centres, whence they have spread themselvee 
over mere or less extensive tracts, in the course of their extenmqn 
becoming intermixed with other species, and thus producing complex 
assemblages. 
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The spreading of what are called social plants, such as pastare-Grasses, 
Furze, various forest-trees, &c., illustrates the facility with which many 
plants extend themselves- over new ground. The Anacharin, a North- 
Anierican water-plant, has heen diffused all over England within the last 
ten yeai-s. lie diffusion of certain plants is also j^atly dependent on 
the Hiccess of some plants over others in the struggle for existence which 
is ever going on in nature. It dues not foUow that the wild plants in any 
given area aro those which are best adapted for that situation. They ore 
often the weakest, and are overpowered hy other plants. In this way 
native vegetation constantly gets exterminated by foreign intruders. 

928. In this hypothesis, it is unimportant whether wo imagine a 
single plant (or pair of dioecious plants) or a more or less extensive 
asscmblugo of individuals to have boon crealod on tho same spot. 
This is a question impossible to be solved by science. 

Some authors believe that species have been created at many points 
where the conditions were lilting, explaining in this way the interrupted 
areas of certain plants. 

929. The facts revealed by Geology, as well as by Botany itself, 
tend to prove that fee creation of Bpocies has been not aimultancous. 
but SHcem/ee. in different geologiciil periods. Not only do we’ find 
fos^l plants different from living vegetation in tho older formations, 
but those beds immediately preceding the present surface of the 
earth contain not only remains of animals of existing 8pecic.s, but 
fospil plants closely resembling, if not identical with, existing jdants. 

930. Numerous cases of scattered distribution of existing vege¬ 
tation cannot be explained by reference to existing inlluences, such 
as transport &c. (§§ 914,910). Thus species with largo seeds grow 
in countries between which exist api)arontly insuperable obstructions 
to transport; many species aro common solely to tlio tops of ver}' 
distant mountains; many widely distributed aquatic plants produce 
seeds which sink to the bottom of the water when ripe, &c. 

Again, species arc wanting in regions so well adapted to their 
existence that, when artificially introduced, they establish themselves 
like natives. Certain countries, separated by broad oceans, have 
more species in common than either the distance or nature of th<'ir 
Himato would render probable under ordinary circumstances; while 
contiguous countries, with similar climates, sometimes present very 
different species., 

Some countries are remarkable for a great number of species in a 
given area, others for paucity of species. 

Lastly, species of simple struotiire (Bushes, Grasses, &c.) have often 
wide range, even though their seeds are not more easy of transport 
than usnsd, while others of hi^er organization, with seeds or f^ts 
easily transported ((Jornpositm &e.), often occur in very limited 
areas. 

931. To sum up these statements, the occurrence of each species. 
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as a general rule, in one region rather than another^ their abundance 
in jMirticnlar localities, the extension and especially the disjunction 
of species destitute of efficient means of transport, the non-exten¬ 
sion, on the contrary, of species possessing seeds easy of transport, 
certain analogies and certain differences between the floras of several 
countries, and their relative richness in distinct forms—all those 
imjKirtaiit ])hcnomcna are inexplicable by causes now in active 
operation : and we are consequently led to seek their solution by 
the aid of geological inquiries. 

Edward Korbejj was the first to open this line of inquiry, in a most 
acute and iiigenioiis Essay on the Origin of the existing Flora of liritam. 
I)r. Tlooker has puisiied the same line of reasoning in his inquiries into 
the botanical geography of the southern hemisphere. 

Sect. 3. GuotooicAi. iNKiTTEircKS. 

9.‘i2. Niitural Science is incapable of elucidating the actual origin 
or creation of organic beings; but it seeks to trace up, as nearly as 
possible, to the earliosl ])eriods the phenomena exhibited by created 
tilings or beings; and tlie botanist seeks, by geographical and geolo¬ 
gical inquiries, to discover the probable uborigiiud localities of sjiecics 
'■ of plants. ' * 

. It is impossible to say in wliat part of the globe plants first appeared. 
Probably they gi'ow on’lands now submerged beneath the ocean, or, still 
niort' likely, they were perishable aquatic plants which have left no trace 
of their existence. Geologj' teaches that the dry land of the globe has 
been siieeessivoly elevated and depressed below the surface of the sea at 
various (epochs since plants were lirst created; hence there have existed 
successive and variatile ei'ntres of e^-ation. Them may have existed 
means of communication lietween different centres, so that species may 
have passed over from one to another, and in this way survived in a new 
locality the destruction of their b'lrthplaire. 

933. Species have made their appearance -succeBsively during 
different geological epochs, and have had more or less extended 
duration. 

Probably most of our existing species date from an epoch anterior, 
to that at which the existing continents acquired their present con- 
figomtion. 

They may have spread widely in ancient times, and their area 
may have been broken up subsequently by obstacles now insur¬ 
mountable. They, may have been tr^sported in past ages by causes 
not now in operation. 

Thus the disjunction of certain alpine and arctic species, that of aquatic 
or marsh-plants in distant countries, that of laige-seeded plants in islands 
and more or less distant continents, mav be explained by their antiquity 
or former wide diffusion, as well as »y suppijsing creation {ft various 
points. 
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934. The species at present confined within small areas, in spite 
of means of transport or continuity of land and suitable cHmute, 
would upi)car to be those of most recent creation ; that is, they, seem 
to have originated since the existing continents were formed. Mldely 
spread species which arc difficult of transport arc probably the most 
ancient. 

935. In the comparison of successive geological formations, it ap¬ 
pears that the earliest plants were chiefly species of 8im)dc organiza¬ 
tion and few in number—-and that by degrees more highly organized 
plants were added and replaced many of the carliej- ones, which 
perished. In existing vegetation the simpler kinds seem to be the 
most ancient, and those of more coraidex structure more rerent, 
judging from the wider diffusion of the former than the latter. 


Ligneous plants established themselves in northern and tuinpmiito 
countries at an epoch when the clinuitu must hare been more himiid imd 
more cloudy than at present. xVt the present time, regions in the South 
of Europe, North Africa, the Canaries, the Southeni United States, and 
elsewhere, once cleared and exposed to the intiueiiee of the sun, do nut 
become clothed again by forests such as thay possessesl fornuirly. Ooui- 
ferseand Amentaceous plants, which form the chief constitiieuls of forests 
in these regions, are Phancroganiia of low orgiuiizulion. Their probable 
aDti(j[uity, judging from their occuiTencc*in masses in certain connfries, 
confirms the view that existing species are of unequal antiquity, and that 
the older species are of lower type. 


936. The facts of existing Botanical Geography arc in general 
clear and concordant, if wc suppose that tbc most ancient sjmeies 
of Phanerogamia are, first the majority of plants either aquatic or 
loving moisture, then many northern and olpiuc idauts and most 
of the trees of our temperate regions—and if we suppose at the same 
time that the most recent species occur principally among the plants 
of warm regions, among the Dicotyledons with an inferior ovary and 
a monopetolous corolla (such as Com]) 08 ita;, Dipsaeem, Campanulaecac 
&c.) and among the other Phanerogamia with structure complicated 
in other respects (such as Orchidaccm, Palmacete, Apocynaccaj, Asclc-. 
piadacoai, Cucurbitacese, Passifloracem, Begoniaccic, &c.). 


The considerations stated in this Section are derived, with slight modi¬ 
fications, from the ‘ G4ographio Botanique ’ of Alph. l)e Candolle, a most 
important general work on this subject, which should be studied by all 
those who are interested in these questions. 
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CHAPTEE II. 

IJOTANICAL GEOGRAPHY. 

Sect. 1. Disteihotios op Pi.asts is Climatat. Zoses betwef.s the 
Euhatob aso the Poles. 

Tho description of the actual conditions of vegetation on the 
surface of the globe is a. subject embracing a vast amount of facts, 
which arc not only cap.nblc of being considered under many different 
points of view, Imt in many respects offer at present only fragmentary 
materials for establishing principles. In the present work, where 
only a limited sp.aec can be allotted to this department, it is necessary 
to confine ourselves to a few of tho principal generalizations, calcu- 
lahid to give an insight into tho characters of the study, but con- 
finss<«lly very imperfect- .‘is rcjircsentations of the natural phenomena 
ivifh which it deals. 

In fhe preceding Ch.apter we have seen that dimatc has a 
most important inlluence upon vegetation ; and proceeding on this 
ground, it is possible to divide tho surface into climatal zones, within 
which a certain average ehasacter of vegetation exists. But mere 
temperature is bul one of f he influences: and it is evident that many 
diverse conditions must (‘xist within such climatal zones, dependent 
upon tho othiT influences above referred to (§§ 907-912). Hence, 
allhuugh the general views afforded by marking out climatal regions 
are useful to the beginner, it is necessary to bear in mind that they 
arc essentially supci’ficial. In Meyen’s subdivision of the globe, the 
zones were defined by parallels of latitude ; but tho distribution of 
temperature, the chiei agent hero fegardied, is so irrelative to the 
p.arallels, esiiecially in tho northern hemisphere, that we have modified 
them by isothermal lines obtained from Dove’s maps. The isotherms 
selected are mostly annual temperatures ; but m defining the Arctic 
regions it has appeared more natural to take the line indicating 
an e(|ual temperature in the months of September and July. 

939. In the following summan’^ the names of Meyen’s zones afe 
retained ; the pgculiar limitation by isothermal Imes is indicated for 
zone. 

1. 'Che Equatorial Zone, 

This zone, as limited by us, compsehends but a comparatively small* 
range in the Now "World, and is moat developed in the Old, especaally in 
Africa, On consulting an isothermal map, it will be observed also that 
the larger portion of it lies on the north side of the equator, since thb. 
preponderance of land in the northern hemisphere deflects the isothewnai 
lines in this direction. The boundaries are the annual isotherms of 
79°*3 Fahr. on each side of the equator; but it mav be noticed f^t in 
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Africa, as well as in Hindostan, and in the Indian archipelago, there 
exist between thbae lines circumscribed regions in which the annual 
isotherms rise to 81°'6 Fahr. ’ 

The characteristics of this zone are marked by the ex?tremc luxuriance 
of vegetation, from the great heat, together with the abundant moisture. 
The trunks of the trees attain enormous diameter; the flowers have most 
brilliant colours; and not only is the earth clothed most profusely with 
numberless forms of plants, but the trees are overgrown by Orchids, 
Aroids, Bromeliaceai, and Ferns, and matted together by LiatU‘», or 
gigantic rope-like woody climbers; so that the primmalfoi'eriH present 
such a dense moss of vegetation as to be almost impenetrable, even to 
the pxplorer who advances axe in hand. The I’alms, the Banana tribe 
(Musaceie), arbon^sccnt Grasses, 1’andanu.s, Scitaminem, and Orchidero 
ore very striking fijatures; the Fig-trees of most vtuied kinds, the Silk- 
Cotton-trees (Ikjmbacem) also abound both in the Old and New Worlds; 
the Caesalpiniaj, Malpighiaceie, Anacardiie, Swietenise, Anonem, Berthol- 
letise, and Lecythidese especially mark the forests of America; the Sapin- 
doceae, Oarvotm, Artocarpi, Sterculiai, Ebenacea!, Meliacem, Laurinese, 
&c. ttiose of the Ol'd World. In this zone also, in the Indian archipe¬ 
lago, occurs the most remarkable of the llhizanths, the gigantic pai-asite 
Jlaffltsia, with its flowers 3 feet in diameter; while in America this is 
almost rivalled by the Victoria Water-lily, and the Aristolochios -aith 
their enormous helmet-like flowers—said,‘indeed, to be worn in sport as 
caps bv the Indian buys. 

Kicn as the vegetation of this zone is in general, we find within the 
limits some of the poorest tracts upon the globe—^namely, where water is 
wauling. The African desert and a portion of Arabia are the most striking 
examples; but the llanos of Venezuela are scarcely less parched and life¬ 
less during the dry season, and in the rainy season present only grassy 
plains like the steppes of Central Asia. The poverty of thetse tracts fs 
accounted for by their peculiar position, cutting them olf from the in¬ 
fluence of moist currents of air, their natural waterless condition being of 
course dependent on the geological changes which gave them their pre¬ 
sent configuration. 


' 2. TVttpteal Xones, 

These extend, in the north and south hemispheres, firam the boundaries 
of the equatorial zone, at the isotherms of 70°-3 Fahr., to the isotherms of 
7^-6 Fahr. Taken altogether, the characteristics of these zones, as might 
be expected, are closely allied to those of the preceding, llio de Janeiro 
and Canton are cited ij Meyen as instances of this resemblance; Palms, 
Bananas, Cannete, Meliacem, Anonese, and Bapindaceie prevail (in humid 
districts) here, and Orchid, Fothos-like plants, and Xteines abound. 
The Tree-Ferns, the Pepper-plants, Melastomaceee, and Convolvulacem, 
however, become more prominent here, and serve as distinctive charac¬ 
ters ; and it is stated that, in these zones, the forests exhibit fewer 
parasites and mom underwood. That portion of the western coast of 
South America lying within the south tropical zone forms an exception 
to the genesnl rule of luxuriance of vegetation, as does the inland tract 
of Afcira bOKleiing on the' equatorial zone. 
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'8, The StMropkal Zones. 

These are bounded on-the equatorial side by the tmnual isotherm of 
72°'5 Fahr., and^ towards tho poles by the isotlienns of 08® Fahr. The 
countries lying mthin these enjoy the most delightful climates on the 
globe. Though the summer heat never rises to tne intense heat of the 
torrid zone, it suilices to ripen most of the tropical fruits; while the 
wintera are so mild that vegetation is never arrested. Palms and Bananas 
are still met with in the plains, and arborescent Grasses form a feature of 
the landscape, both in America and Asia; but the most striking character 
of these re;^ons is formed by the abundance of forest trees having broad, 
leatlieiy, and shining leaves, such as the Magnolias and the Lauraceoe, 
and also of the plants of the Myiile tribe. Proteacem, Acacias, and Heaths 
attain their maximum development. 

4. The .Warmer Temper ale Zones. 

Equatorial boundaries, the annual isotherms of 68° Fahr .; polar boun¬ 
daries, the isotherms of C4'’’6 Fahr. Tho general characteristics of these 
zones ai'ise from the combination of the shining, leathery-leaved trees 
of the subtropical zones with the forest trees which we find in our own 
country, such as Oaks, Beeches, &c.; the Palms vanish; but a number of 
handsome evergreen shrubs present themselves, and Heaths, Cisti, and 
showy Leguminous plants are very abundimt. The countries lying within 
these* zones in ditlbrent ports of the globe ditler a good deal in their vege¬ 
tation, and wo may therefore enter into rather more detail here. 

In the Moditerrauean region eveigreeu dicotyledonous trees with glossy 
leaves, showy shrubs, and many bright-coloured bulbous plants aboftnd; 
JEr/ea arfjorea, the Bay, and the MjTtle are characteristic; tlie Turkey, 
TIolm, and Cork Oaks, the Chestnut, the Strawberry-tree, with the Cherry- 
Laurel, Laurustinus, and Pomogmnatc arc frequent, as are also the 
Phillyrem, Kosemary, Oleander, &c. 

Th‘e Vine is a native of this zone, and is said to attain a diameter of 
3 to 6 inches, and to climb to the top of tho highest trees, in the forests 
of Mingrclia and Imeritia. The barren tableumd of Asia falls in this 
zone, ns does Japan, wliicli has a rich vegetation. In America are found 
abundance of Oaks and Pines, Mamtolioceie (such as the Tulm-tree), a 
number of Leguminous trees, with thorny Smilax-shrubs ami gigantic 
lleeds; tho Gloditscliim on the banks of the Ohio are eveigreen, with 
climbing Bignoniie; evergreen trees here correspond to those of Southern 
Europe, intermingled in the forests with Oaks, Beeches, Ash, and 2‘/d- 
tanus oeddentaUs. 

In tlie southern hemisphere this zone includes part of New Zealand and 
Australia, whore, again, evergreen trees are intermixed with foresl-trees 
with deciduous leaves; shrubby Ferns aboimd, and the Leguminosse and 
Myrtacea) are well represented. 

in South America, the Pampas-plains of Buenos Ayres foil in this zone, 
especially characterized by arborescent Grasses. Southern Chili represents 
the worm temperate vegetation wi^ its evergreen forests of Myrtacees, 
Beeches, and Araucarias; the Fuchsia is also imo^teristic of this region.' 
Tho Chilian Palm, like the dwarf Palm of Southern Europe and the 
Palmetto of North America, forms an outlier from the subtropical region. 
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6. The Coder Temperate Zones. 

I 

Equatorial' boundaries, tbo annual iaothcnrfs of h4PTi Fohr.; polar 
boundaries, the isotherms of 41° h'abr. The especial dcharacteris{:ic8 of 
these zones are the forests of deciduous trees ■with inconspicuous blossoms, 
intermingled with social Conifers, together with the (Iross-postures. 
Here the trunks of the tri'es ore overgrown only with Mosses and 
Idchens; the Honeysuckle, the Ivy, and the Hop are the only important 
climbers, very diiierent from the Litmee of the tropics. Shrubs are pretty 
frequent, but they mostly lose their leaves in ■winter, such as Koses, 
Brambles, Vibuma, &c. The social Bwarf-grassc's on good soil, with 
the Sedges, Cotton-grasses, ond Mosses of wet ground, characterize the 

C lains, and extensive heaths prevail in some districts. The contrast 
etween summer and winter is strongly marked in the aspect of vegetable 
life: the trees are stripped of their leaves, the herbs die down to dwarf 
tufts, or hide themselves altogi'ther in the ground, ami the snow covers 
the_surface of the plains in severe weather; but the warmth of summer, 
which brings out a lively and varieil show of flowera, is sufiiciently high 
to ripen the seeds of many, and thus annuals ore more numerous than 
thev are further north. 

I'his zeme is not r^resented in Africa or in the South Sea. In South 
.America it includes Patagonia. 

0. 77iC Snbaretie Zont. 

Equatorial boundary, the annual isothermal line of 41° Fahr.; polar 
boundary, the isotherm of 30”-5 Fohr. for the month of September. The 
southern boundary of this zone in the northern heraiimheTO corresponds 
pretty nearly to the limit of di.strihution of the Oak in Europe imd tho 
east coast of North America, tho northern boundary to the limit of the 
distribution of trees. 

The sMking characteristic of this zone is, indeed, tho predominance of 
the Coniferous tre(« in tho woods, giving place nortliward to the Birch 
and Alder, and generally alternating ■with Willows where the soil is 
moist._ Green {^tnres occur universally, especially adorned with showy 
dowering herbs in the.spring and summer. 

7. The Arctic Zone. 

' The equatorial boundaij is the isotherm of 86°-6 Fahr. for the month of 
September, or the polar limit of arborescent vegetation in the northern 
hemimhere; the polar boundary is the isotherm of 41° Fahr. for the 
month of July. The vegetation of this zone corresponds to what we un¬ 
derstand commonly as Alpine shrubs, consisting chioflv of prostrate shriibs, 

, ■with a peculiar tortuous and compact habit of growtli, sncli as the alpine 
Rhododendra, Andromed®, the dwarf Birch and Alder, the Bog-Myrtle 
and dwarf Willow, ■with a variety of low-growing perennial herhs, re- 
markahle for the comparatively large size and bright colour of their 
' flowers Sedges and Cotton-grasses occur socially, in some places covering 
extensive tracts; but the grassy pastures of the last zones are replaced 
to a great extent by tracts'eoverea with Lichens. 



DISTBIBUIION OF PLANI8 IN AXTITTOBS. 


645 


. a Tlte Polar Xmie. 

Efpatorial bojmdary, tl)c inotherm of 41° Fahr. for the month of July; 
polar limit, the ieotlioiin of t!(5°’5 Fahr. for the same month. 'Phis zone 
is charaetorized by presontinpr, in the four to six weeks of summer, an 
alpine vc<jfetation devoid of even shrubs, and consisting of herbactious per- 
eiiuials of dwarf habit, such as Saxifrages, Itanunculi, Pyrolsu, Potcntulm, 
Divas, llraba, &c., and possessing,moreover, certain genera (such as Parrya, 
J’hi]ipsin,nnd others) which, although they e.\tend into the art4ic zone, are 
not met with in the alpine redone of the mountains of the more southern 
regions. In Spitzbergeii, the number of Cryptogamic plants is Hiiuarkablc, 
the liichens alone equalling the Flowering plants, and predominating 
even in mass us well as number of species. 

Sect. 2. Hbotoxs of AixirunB. 

940. Tt is well known that the lofty mountains lying within the 

tropics exhihit a graduated variation of ch.aracter in their vegetation, 
and that those which rise above the limit of eternal snow disjday 
more or less distinctly marked regions, representing the zones lying 
hetween the jdaius at the foot of such mountains, and tho otcmalicc 
of the polar zone. , 

lliuiiboldt divided the surface of tropical mountains into three zones, 
rcprcsontiiig the tropical, temperate, and frigid zones of tho globe, 
and iiidicatod the principal subdivisions of these regions. Meycn 
attempted to lay down i% more systematic representation of the con¬ 
ditions in question, corresponding to his division of the earth’s surface 
into zones. (Ireat diflficnlty interposes here in any attempt at gene¬ 
ralization, since local conditions, arising from aspect, and conformation 
of surface, cither giving more or less of precipitous character, accom¬ 
panied by sudden changes, or. producing elevated plains, &e., cause 
such great difl'croncos, even witliin the limits of single mountain- 
systems, that no absolute rule can he appUod. ' Tho rules laid down 
by Meycn ajiply pretty well to his zones within the limits of Europe; 
but, in the delineation of the regions of altitude of greater extent, 
great variation presents itself near the e«iuator. 

941. According to Moyen’s views, the snow-line, beginning at 
tho polar zone, rises lie tween 1900 and 2000 feet above lie level of 
the sea, and in tho equatorial zone to 15,500 or 16,600 foot; and he 
divides the regions of altitude in accordance with this, raising each 
region between 1900 and 2000 feet in each zone, as he approaches 
the equator. ITow at North Capo, which lies near the polar limit of 
our subarctic zone, and in Iceland, which is crossed by the same limit,, 
the line of perpetual snow is at about 2000feet; wo may therefqre. 
take this as tho snow-line of the arctic zone. I'ke equatorial limit of 
the subarctic zone falls in Southern Norway* where the sifow-line is 
at about 4000 feet; while the oquattrial limit of our cold temperate 

2i'6 
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Bone is not fey retnorcd from the Alps and Pytenoes, where the snow¬ 
line rises to 8000 feet and more. In the soutli of Spain, lying within 
the warm temperate region, snow lies in isolated jHitehcs below 11,000 
. feet. In the district of Sierra Nevada, which is one of the lH«t-knoTO 
of the mountains of this zone, as regards vegetation, there is a sub¬ 
tropical region up to 600 teet, the true* warm tomiierate vegiaation 
extends up to about 4000 feet, a cold teniiHirate veg»!tation from 
about 4000 to 6500; the vegetation then passes into a eonditiuii 
allied to the subarctic, but without trees, and charaelerized by shrubs 
of a similar natm-c to those of the arctic zone. 'J'hi.s region <>xten(ls 
to 8000 feet; and thence to the summits of 11.000 feet there is 
an alpine summer vegetation (snow h'ingfor eight months out of the 
twelve), which, again, i.s intermediiite in character between thosi' of 
the arctic and polar, cou-sisting chic% of perennial lierbs like the 
latter, but presenting a funnution of tiirl'y pasture to some extent in 
the warm season. In the Caucasus the snow-line is mindi higher. 

In the subtropical zone, on the I’cak of Teiioriffe, we tind,.thc 
vegetation of the warm temperate zone from about 2o0(» to 400(1 feet, 
a representation of the cold temperature from 8000 to over (iOOO feet; 
at about 8000 feet the climate is su))arctic. This mountain dues 
not reach the snow-line. 

In Mexico, lying in our tropical zone, the lines arc rosi»ectivcIy 
shifted up in ul>out the same ratio. AVc see throughout, then, a 
deviation from Meyen’s ratio, in the tendenej’ of the eoldur zones to 
widen out on the mountains of warmer zones; but this is jiarUy 
owing to our dividing the zones according to temperature, and not 
according to latitude. 

If wo attempt to lay down the conditions of the mountains of 
Asia under .a similar point of view, wo find greater deviations. The 
mass of elevated land in Central Asia modifies all the climatal con¬ 
ditions very much. The snow-lines of the mountains of the cold- 
temperate and warm-tomperato zones rise to 14,000 foot; l.hnt of the 
Himalayas to 18,000 feet in the norfhorn parts. Our data scarcely 
BafUco for the illustration of these modified conditionB and therefore 
we have confined onrselves to a limited number of the iKJst-explored 
mountain-regions of the Old and Now Worlds, in the tabular view of 
distribution in altitude given below. 

9 2. We now give a brief sketdi of the characteristics of tho 
different regions of oltitado, as classified by Meycn ; and to this is 
subjoined Meyon’s hypothetical table, from his ‘ Geography of Plants.’ 
To show how far this diverges from the actual con&tions, we subjoin 
■Tables, constructed for .Johnston’s < Physical Atlas,’ showing the com¬ 
parative altitudes of the characteristic forms of vegetation on a 
number of mountains where they have been carefully observed. The 
location of these mountains in, the varions zones is in accordance 
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with our isothermal lin^tatioa, and not, as is the case vith Meyen’s 
limitation, according to parallels of latitude. The elevations arc obo 
merely given giVen in round numbers. 

1. JReffion of Palnu and Bananas. 

Corresponding to the equatorial zone, and has been ali-cndy characterized 
under that head! 

2. Begioa of Tree-Ferns mid Figs. 

Corresponding to the tropical zone. The genus Ficus is most prevalent 
in th(! elevated forests of the equatorial zone of the East Indies, giving 
them a remarkable character of gloomy grandeur and impervious density. 

3. Begion of Laurels ami Myrtles. 

Corresponding to the subb'opical zone. 

4. Begioa of Evergreen Trees, 

clorrcsponding to the warm temperate zone. 

5. Begion of Dm'diiom Trees. 

Corresponding to the cold temperate zone; but this region seems to be 
absent from the mountains in jmtny pails of the tropical and equatorial 
zones, since the iroc-limit is carried down by peculiarities of climale, 
which, on the other hand, igvour the advance of more southern forms into 
the upper reggous. In Java and Sumatra, stunted trees of the class be¬ 
longing here rtmlace the dwarf Conifers of European mountains, and form 
the taie-limit far below the altitude at which forests of tall Conifers occur 
in the iiiorc northi'm Himalayas,—a condition explained in some degree 
by the local circumstances of the equatorial mountains, which are detieWt 
of tlie supplies of moisture fiimished by the vast masses of snow resting 
perpetually upon the Himalayas.' 

6. Begion of Conifers. 

Corresponding to tlie subarctic zone. This zone, characterized by the 
growth of I’ines and Firs, is well represented on most mountains, Vith 
tho exception of the Peruvian Cordilleras, where the Escallonieie are said 
to bo substituted lor them. But the Conifers do not always form the 
uppermost belt of trees, even when they floiuish in a well-defined region. 
Tlius tho region of tho Conifeis, in a general sense, which roaches to the 
tree-limit with Pines in the Alps, Pyrenees^ and tho Andes of Mexico, 
includes, in the Scandinavian mountains, m the Himalayas, and tho ' 
Caucasus, a region of Birches, which-rise out of it to form the last repre¬ 
sentatives of arboreal vegetation. 

7. Begion of Alpine Shrubs or of Bhododendra, 

Tbis region conesponds to tbe arctic zone. * In the Himabyas, dwarf 
Willows, Junipers, and species of Bi]^ or Currant seem to represent 
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the vegetation of this region; while on the Andes of Quito the genus 
Befaria appeals to correspond in its geographical development to the 
Khododendra of the north. 

8. Megim of Alpine Herbs. 

Corresponding to the polar zone, usually presenting only paiehos of 
vegetation scattered over a broken siirfacie of ground, covered during the 
greater part of the year with snow, and exhibiting accumulations in all 
seasons in sheltered spots. Lichens abouiui hero; Leeidm geographiea 
has been found in moat diverse localities where bare mck rises above the 
ground, forming p^jnerally the last trace of vegetation. The plants of this 
region are remarkable in many respects, in none more than the beauty 
and comparatively largo size that usually characterizes their flowers. 
They are mostly of perellhial growth, since, although the s(!vere cold pre¬ 
vailing throughout the greater part of the year is unfavourable to the 
maturation and preservation of seeds, the thick covering of snow protects 
established plants from the severe frost; and it is known that they ai-e 
arrtisted in warmer regions where winter frosts prevail without great 
accumulations of snow, precisely becaust; they are then incapable of beiuing 
the cold, to which they are directly exposed. 
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MkTKN's COMPABATIVK EXTIIIIITION OP TTTB BuiPRIlKNT ZONES, 
VriTII VnK OomilKSl'ONOlNO IlKCilONS. • 

. The elevatiotM mul temperaturee are here t/iven in round wumhere. 
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COMPABISON OF EkOIONS OP AlTITUDK WITH ISOTHEBMAL ZoNES. 
The figures indicate the elevations at which the rtgums eomtnence. 


Names of 
Zones . 


Temperature 
of Zones . 


Bnow-Iine . . 


Alpine Herbs. 


Equatorial 

Zone. 


Troplool Zone. 


Conifers and 
Bircbes. 


Deciduous 
Forest Trees ' 

(Oak and Beech). 

Evergreen 
Forest Trees. 


Lauraeeee and 
UTTtoces. 


Fareate of 

TTee-Fems Liquidiunbor. 

and Figs. a.000 


pHlmB, Heitami** 



Snbtropical 

Zone. 


72® 6^ to H80 
Ann. M(«n. 


Tettvriffo. 

llimfUayas. 

None. 

ir,,ooo— 

1K,000 

10,400 

l*a|)avewi- 

of'fe, 

Cru«?ifeTir, 

Priniulttcefl^, 

9,000 

Salix, 
Spineo, ** 
Jfuniperus, 
LonM.'ers. 
14.(KH) 



Juniperua 

OxTei>clnuL 

6,000 

Bpartimn. 

Pinua 

Ganarienais. 

4,000 

.(Vrdima, 

Laiirua. 

2.»O0 

Oi«*a, 

Myrica. 

Abioa, 

PinuB. 

Qucrcus. 

10,000 

Magnolia, 

Oastnnea. 

7,000 

Ardisia. 

6,00(» 

1,200 

Arbori'scent 

Euphorbiee, 

Draceno, 

Ficus 

Syeamoriu. 

Celastrus, 

6umb<’iia, 

Myndnc. 

2,000 


Tropical Tree-FeniBi 
Foreata. &c. 




_ Branbaz, 

nes. Damp Bqua> I Balm®, j« I 29® K. i:#. 
tonal P5re^ I Mimo«*. Scatanunon. 


280_gfio 

N.L. 
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COMPABISON OF liFC/lONS OF AlTITTIBK WITH IhOTHBBMAL ZoNBS. 


Namo of) 
Zone . j 

.Warm Temnerate Zone. 




Tempera- 
taro of 
Zone .. 


Names of 
Moontotns. 

Snow-Une. 

Bock>' 

Mountiuas. 

N.Aiiu^rica. 

Bicimi 

Bevudns 

Bpain. 

Ityoian 

Taurtia 

Fonlic 1 

Chain of| Ararat. 
Lasistaxl 

Inner 

Armenia 

Alataii, 

Soon- 

garei. 

11,SUU 

None. 

f li,0U0 

.Alpine 
HerbB 
‘ and 

ShrulM. 

7,000 

None. 





Alpine 

Herbs. 


/ 10,000 

Alpine 
Hcirlm 
* and 

Bhruba 

r«,000 

8,000 

Bhodo- 

dciidron 

caucBsi- 

euni. 

5,700 



Lichens. 

8,000 

8,000 

5,600 

Jnniners 

7/M 

• 

Alpine 
Shrubs,&c. 

Limit of 
Trees. 

1 - - 

Conifers 

and 

Birches. 

Decidnons 

Forest 

Trees. 

Evergreen 

Forest 

Trees. 

11,000 

Finus. 



— 

4,500 


■Finns 

sylvestris 

l.TiOii 

JunipiTUS 

exccdsa. 

0,<K)U 


Finus. 


Qurmis 

ivlnsiis, 

Finns 

Finsstcr. 

a,000 ■ 

Flatn&nz. 

OakWoodfl. 

1,5()0 

BwKsh 

with 

Firs. 

1,600 


Beech. 

I/XK) 

1 


Olive, Cork, 
Pran'pwiate 
6U0 

(Opuntda, 
Cotton,Sugar 
Cano.) 

Kveri^een 
Trees and 
Shrabs. 

Etct- 

c^een 

SlirubB. 


Oleo, 

Lauras, 

llums, 

Flwetn. 

1 

Laaraceee 

and 

MyrtacesB. 


37° B. I- 

■ 37® S. 1. 

41°B.L. 

40®K.L. 

37®».L. 

44°-46° 

K.L. 









Seft-level. 
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CoiiPAnisoN oFJlEaioNfs OF Adtititde with IsoTnERMAL Zones. 


Kames of Zones, j ColdTemper-i 
I ate Zone, j 


ITamea of Uonn- 
tains. 


Snbarctic 

Zone. 


Arctic Zo&e. 


Snow-Ilnc. 


Alpine Herbs, 



On comparing these Tables with Meyen’s, by noticing the latitudes given 
at the foot of the columns, it will he seen that the location of the moun¬ 
tains in the various zones differs only in the hotter and colder of the latter; 
those of the warm temperate, cold temperate, and siilmrctic (except in the 
case of Iceland) being similarly arranged. The great discrepancies 
existing between mountains occurring in the aame zone indicate that 
local circumstances must have most powerful influence in determining 
the'altitudes attained hy the various classes of vegetation. We are not 
in a position to give the real temperatures of regions of altitude with any 
accuw.y in most esses; or these would prolwbly greatly assist in as¬ 
certaining the direct causes of aberration; for diflerencra of temperatiire 
certainlv accompany the difference of elevation attained by particular 
forms of plants. Good examples of the influence of the form and local 
conditions of mountains are furnished by Tenerifle, Ararat, ^e Ilima- 
layas, and the Rocky Mountains of North America. The firstis an 
isolated mountain, exposed to the equalizing influence of the ocean ; the 
second an isolated mountain situated in the interior of a continent; the 
two (mains are portions of enormous systems of mountains extending over 
large i^ons -in the in^ol of contiMnts. To work out this subject 
IhoroRgnly, however, it is necessary {o observe not only the conditions of 
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different mnuntains, but those of the different declivities of the same 
mountain; since, when great elevations are attained, chains of mountains 
form the boundaries of local climates, and present different conditions on 
the two focea * 

Sect. 3. Division of the Giade into Reoions ha vino Chaeactebistic 

ViXIETATION. 

343. The character of the vegetation^ of different regions is in¬ 
fluenced not merely by cliinale, but by the more remote causes referred 
to in the last Clia])tcr, which have led to the distriiiution of plants 
over more or less extensive ureas, and their I'csliiction within narrow 
limits in other ciuses; further, by tlio habit of plants, as by a social 
mode of growth, by size, <fec. 

944. M.any attempts have been made to divide the earth’s sur¬ 
face into Botanical Regions, according to their characteristic vege¬ 
tation. None of these can Iw regiuiled as satisfactory; hut perhajis 
the generalizations of Schouw are, on the whole, those which BUgg<wt 
mftst to the student. AVc therefore introduce here that author's 
account of the 25 regions into which ho divided the globe, on prin¬ 
ciples wliich are stated below. 

These regious were characlbrized several years ago; and much Las 
been discovered since, tending to moclily the detaiU; it is greatly to 
be desired that a new attempt should be made in this direction. 


SeJiauv's Phyto-fteotirnpliie lier/ionti. 

945. The regions arc founded on the following principles:— 

1. At least one-half of the known species of plants of the tract 
constituting a botanical region are peculiar to it. 

2. A fourth part of the genera of the region are either peculiar 
to it, or have so decided a maximmn that they are comparatively 
rare in other regions. 

3. The individufd Orders of plants are cither peculiar to the region 
or have a decided maximum there. 

1. Mefficnof MtmesamJ Saxifrages(ArHic-Alpiw, or Wahknberg's Region), 

Mean temperature. —^I’olar regions, 2“-41° Fahr. Mountains in the 
south, 21°-3?’ Fahr. 

Chora (ter.—Characteristic and predominant genera —Ranunculus, Ara¬ 
bia, Droba, Arenariu, Dryns, I'otimtilla, Saxifrage, Rhododendron, Azalea) 
Qentiana, I’edicularis, Salix, Musci, Lichoncs. Of the polar countries 
especially—Coptis, Eutrema, I'arrea, Duijiensiaj Andromeda Ledum. Of 
the mountain regions—Clierleria, Campanula, I’hy teuma, Ihimula, Areti% 
Soldanella. Dwarf perennial herbs with comparatively laige flowers at 
bright colours. Trees absent. ^ 

Rredotninant shrubs and hedf-shrphs of the pedar coimtWes.-^Betulanana, 
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Salix herbacea and other speciw, liiibus Cbanuemoms, Empetrum nigrum, 
Andromeda hvpnoMee, A. tetragona, Arbutia alpina, A. Uva ursi, Azalea 
prucmmbelis, Knododendron lapponicum, Menziesia Cieruleo. 

Predonihiaiit shruhs and half-shrubn of the mountains.—‘Jvaa'pcius nona, 
Alnus viri^B, Salix reticulata, S. herbacea, Khododendron ferrugineum, 

' E. hirsutum, R. caucasicuiu, Vaccinium Myrtillus, V. nliginosum, Azalea 
procumbeiiH, Arbutus alpina, A. Uva ursi, Empe,trum ni^m. 

Plants irhich approach very closely to the -Ranunculus gla- 

cinlis, Saxifraga oppositifolia, Sileno acaulia; in the polar coiintrica espe¬ 
cially, Agrostis algida, Itanimculus byperboreus, U. nivalis, Saxiha;^ 
rivulajis, S. cumua, S. nivalis, Papaver nndicaulc, Draba alpina, Lychnis 
apetala, Diapunsia lapponica. In the moiuitain-regions, Saxifr^^ mus- 
coides, S. bryoidos, Clierleria sedoidos, Aretia helvetica, A. alpina, Draba 
nivalis, T’etrocallis pyrenaica, Arabia bellidifolia, Myosotis nona, Oentiana 
nivalis, Achillea nana, Liuaria alpina. No cultivation in this refnon. _ 

The flora, as a whole, as tabulated by Hooker, is decidedly Scandinavian. 
Some of its members are universally diflused throughout the globe, even 
in the tropics (on mountains); hence the Scandinavian flora is considered 
to be the oldest existing flora. 

^2. Begion of UmheUifiree (North-European md North-Asiattc, or Ltmueus’s 

Jtegion). 

Mean temperature, 2iP-40° Fahr. 

Character. —^Umbelliferte, Cruciferae, Coniferae, Amentaceae, Orami- 
naceic, Cariceie, Fungi, Cichoraceae, Cynare®; in Asia, more particularly. 
Saline plants (such as Solsola and Salicomia) and Astrogale®. Luxuriant 
pasture; forest trees with deciduous leaves; a few Heaths. 

Predominant trees and shrtdis .—^Pinus sylvestris, P. Cembra, P. sibiiica, 
Abies excclsa, A. pectinata, Larix europma, Juniperus communis, Betuln 
alba, .fUnus glntinosa, A, incana, Fagus sylvatica Quercus pedunculata, 
Q. sessiliflora, Carpiuus Hetulus, Oastanea vesca, Salices, Popiilus tremula, 
Coiylua Avellana, LTmus compcstiis, Calluua vulgaris, Prunus spinosa, 
Pyrus Aucuparia, Acer Pseudo-platanus,. A. platwoidcs, A. campestre, 
, Tilin platyphylla, T. microphylla. 

CiMieated plants. —Cereals: Rye, Barley, Oats, Wheat, Spelt, Maize, 
Millet (Panicum iniliaceum). Buckwheat, Potato. 

Fruits. —Apple, Pear, Quincy Cherries, Plums, Apricot, Peach, Muir 
beny. Walnut, drape. Currant, GooseboiTy, Strawbeny, Melons. 

‘Esculent vegetables. —Cabbage, Rape, Turnip, Radish, Mustard, Peas, 
Beans, Lentils, Spinach, Beet, CucumW, Gourd, Carrot. 

Fodder-platOs, &c.—Clovers, Vetches, Lucerne, Rye-grass; Hops, 
Flax, Hemp, Tobacco. 

^ 8. Begion of the LMatee and CaryophyUea (Mediterranean, or De CandoUe’s 

Begion). 

Mean temperature, 66°-73° Fahr, 

', CMrocfar.—rLahiat®,, Caiyophyllo®, Boragine®, Cistine®, Liliace® ; 
the Orders cited in the prec^ng' region, but mostly less prevalent, espe- 
sially the Oaiice®. Beprteentatives of tropical Chders—Palm®, Tere- 
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binthftceKjLaiiiacete,—Ordora which incicase towards the equator becoming 
more numerous: Legumiuosse, Malvocem, Solanoc^, Euphorbiacete, 
Urticacere. ’ 

(Jeflern. —Adcvuisi Nigella, Trifolium, Modicago, Genista, C)rtisu8, Sca- 
biosa, Anthemis, Achillea, Yerbasciim,Narcissus; many evergreen trees 
and shrubs; a greater number of woody plants than in the second region; 
Iiasture less luxuriant; a winter flora existing. 

IWiionmunit trees and shruhs. —I’inus Pinea, P. Pinaster, P. halepcnsis, 
P. I.nrii;io, C'upivssus semijerviren^ Juuipenis phuinicea, J. macrocarpa, 
(^uercus Oeiris, (j. pedimculata, Q. sessilifloni, (j. Ilex, Q. Buber, Q. 
A'lgilops, (^. coccifeia, t^. iiifectoria, Castanea vesca, Platunus orientalis, 
Alnus coi-difolia, (Jorylus Ouhirna, Ostrya vulgaris, Acermonspissulauum, 
A. neapolitanum, Pistacia Ijcntiscus, 1’. Tt^rebinthus, Ceratonia siliqua, 
(lercis siliquastmiu, Genista scoparia, Mespilus pyracantha, Prunus lauro- 
cerasus, Tamarix gallica, T. amcana, Myrtis communis, Punica Grana- 
tuni, Opuntia vulgaris, Viburnum Tinus, Arbutus Unedo, Erica arborea, 
PI seupario, Ithododendron ponticum. It. maximum, Cisti, Phyilvrea lali- 
folia, P. nngustifolia, Onius europma, 0. rotundifolia, Nerium Oleander, 
Ilosmorinus olfieinalis, E])hedra mstachya, Chanuerops hurailis, Ituscus 
aculeatus, Smilax aspera, Tamus communis. Agave americona. (The 
highest parts of the mountains here belong to the first region, the middle 
elevations to the second ivgion.) 

Ctdtivated plaifls. —^Tho same as in the preceding region; butthefollow- 
ing are more rare, or only seen on the mountains: liye. Currants, Goose- 
botrj', Jluckwheat, and Hop; wljile lh(i following are added :— 

Cereals. —^Itice, Millets (Sorghum vulgare, Panicum italicum). 

IVtids. —P’igs, Almond, I’istachio-uut, Ijemon, Citron, Sweet and Seville 
Oranges, Prickly P'ig(Opuntia),'Wntor-Melon,()live. 

HsculeMs &C.— ^Slclongena, TomntOj Anise, Coriander, Cotton, White 
Mulberry, Baffron, Bumaeh, Lupins, Sainfoin. 

Kate. —^Madeira, the Azores, and Canaries belong to this region; but 
their floius approach that of North Africa. 

Charaeteridk fonns. —Semnoi-vivura arboreum, S. canariense, S. tor- 
tuosum, &c.. Ilex Perado, Pleroma pendnla, Caimlia Kleinia, Bonchus 
fruticosus. Arbutus calliea^a, Ardisia excelsa, Ceroperia aphylla, Echium 
giganteum, &o., l.iaurus fastens. Euphorbia balsamitera, £. canariensis, • 
Myriea Faya, Pinus canariensis. 

4. Region, of Asteres and Solidagincs {Northern Nortli-American, or 
Michaur's Region). 

JMean tentperntarc, {P-69° Fahr. 

Character. —^More species of Conifewe and Amentacesa than in the second 
region), but fewer Umbelliferre, Crucifene, Cichoracece, and Cjmare®. 

Genera. —Hydrastis, Sanguinaria, lludsonia, Ptelea, Robiiua, Gymno- 
dadus, PuTshia, Gillenia, Hwodon, (Enothera, Clarkia, Ludwigia^^ Har-k 
tenia, Claytenia, Heuchera, Itca, IRuuamelis, Mitchella, Aster, Solidago, 
Liatris, Hudbeckia, Gaillar^a, Voednium, Andromeda, Kalmoa, Sabbatia, 
Houstenia, llydrophyllum. Phlox, Monarda, Dodecatheon, Dirca, HamU* 
tenia, Lewisia, Trillium, Medeola. ■ , / 

Fredonunant trees and shrubs. —^PinuB Strobus, P. inops, P. resinosa, F. 
Banksiana, P. variabilis, F. rigida, P. serotida, P. pungensj Abies 
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samna, A. laxifolia, A. canodensio, A. nigra, A. nfbra, A. alba, Larix pen- 
dula, L. macrocarpa, Thnja orcidontalia, T. spbairoidea, Jimipcrus viipi- 
niana, J. Sabiita, Taxus nuiadenaia, Querniis, 25 sp., aylvaticf^ F. 

fcmiginna, Caatnnea amarioana, C. pumila, Ostrya viipinica, Corpinus 
ameneana, Oorylna atuaricatiu, C. rostrata, Alnus glutinosa, A. crispa, 
A. eemilata, lletoila nigra, H. papymcca, itc., Salix, 27 sp., Populua bal- 
samifera, P. monilifera, &c., Myri'ra cerifem, &c., Plataniia occidi'ntalis, 
Liquidanibar atymciiliia, .Tuglana nigra, J. cnnerea, &c., lUmus arnericana, 
&c., Nyasa aquation, Fraxinna alba, F. nigra, &<•„, Omus auiericaua, liiboa 
floriduin, II. aunuini, Vacciniura, 2{) ap., Andromeda, 10 ap., Knlniia 
latifolia, K. angiistifulia, K. glauoa, Ar.iiloa riaonaa, A. nitida, A. glanoa, 
A. nudifiora, »V:o., llhododendron maxininm, Cornua tiorida, C. allia, 0. ca- 
nadenaia, &o., Ilnniatnelia virginienaia, ^inea aalioifolia, R. cbamiedri- 
folia, H. opulifolia, R. hyporioifolia, &o., Cfilic.uia trifoliala, Oratiegus, ap., 
CerasuB pumila, C. nigra, &c., Purahia tridcntata, Kubna, 20 ap., I*yrii8 
ap., llobinia Pae.ud-acacia, I!-, hiapida, Oymnocladua oanadenaia, Itbua 
tYiibina, K. glabra, II. venenata, 11. toxicodendron, &c., I*telea trifoliata, 
Oeanothua amcricnnus, Jic., llbamnua ulnifoliua, &c.. Ilex opnca, &r., 
Kuonymua amerioanua, E. atropurpureiia, Rtapbylea trifolia, Ampelop.aia 
hederacoa, Acer rnbriun, A. ^aycarpum, A. aaccharinum, A. atriatuni, 
Negundo fraxinifolium, Xanthoxylum fraxincum, X. tricarpum, Tilia gla¬ 
bra, T. pubeacens, Liri^endron tulipifera. 

In the northern parts (to 50“-6fl" n. i.) no cultivation. South of thia, 
the same plants aa those cultivated on the second ri'gion, but Maize more 
extensively. 


6 . JtegUm of MagnoKtF. {Southern North-Amerietm, or Pitrsfi’s Regioii). 

Mean temperature, 59°-73° Fahr. 

CImraeter.—X certain approximation to the tropical vegetation ; Oan- 
nete (Canna, Thalia), Palmse (Ohammrops), Yucca, (iycadese (Znmia), 
Laurua, Ipomieo, Biguonia, Asclcpiaa, Ciu^tesc (Mammillaria, O^untia), 
lihcxia, Paaaiflora, Caasia, Sapindua. 

, Few lAbiatiB, Oaryophylleas, Umbelliferse, Cichoracem, Gcraniem ; few 
species of Aster or Solida^. 

Trees with broad abining loaves and large flowers. 

Genera. —^Magnolia, Liriodendron, Illicium, Asimina, Dionasa, Pavia, 
Amorpha, Oleditschia, Baptisia, Petaloatemou, Calyoanthua, (Knothero, 
Cia^nia, lludbcckia, Liatria, Silphium, ICalinia, Ilouatonia, Frasera, 
Halosia, Dodeoatheon. 

Preihminmt trees ami thnJis. —Mafmolia grandiflora, M. glauca, &c., 
Illicium floridunnm, I. parviflorum, liiriodendron Tulipifera, Asimina, sp., 
Pavia flava, P. macroatachya, &c., Amr^ha fruticosn, &c., Gleditachia 
.triacanthoa, &c., llobinia viscasa, Cassia Tora, C. marilandica, &c., Acacia 
glandniosa, Calycwthua floridus, &c., Kalmia birauta, K. cuneata, Opnntia 
vulgaris, O. fra^lis, O. miaaourienais, Ilaleaia tetraptera, 11. diptera, Lau- 
nia Catesbyana, L. caroliniensia, L. Ihmzoin, L. Sasaaima, &c., Juglans 
'fraxinifolia, Caryn aquatica, 0. myristiciformia, Liquidambar atyraciflua, 
Ca^inuB americanua, Castanea arnericana, 0. pumUa, Platanua oedden- 
talia, Queroas, 26 sp., Taxodium diatichum, Knua Tseda, P. paluatris. 
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Znrnia iategrifolia, Yucca gloriosa, Y. aloifolia, &c., CJiaiuteropa Uystrix, 
C. .Palmetto, C. acri-uiata. 

CultivcUcd —^About tliu some as in Uie tliiid region, with the ex> 

ceptibu of tho Ulivc. Cultivation of liico iiioi-e extensive. In the southern 
parte some tropical plants, especially the tjugar-cane. 


0. lieffim of Camellk‘<e mid Cdatdrinece (f^miene, Japanese, or Kmmpfet^s 

ItegioM). 

Memi temperature, 64°-08“ h'ahr. 

Character .— F 

(ienera. —Magnolia, Nandina, Eurya, Camellia, Thea, Celastrus, Ilex, 
Euunymus, lluinalila, llovenia, iveiTia, Spirata, (lonocarpus, Ijagcrstroe- 
mia, Aucuba,liladhia, Unricna, Elengnus, Pol 3 'goiium, Pollia. 

Predominant trees and shrubs .—llhupis ilaljeUiformis, Piuus sinensis, 
&c., Cuuuinghaniia liuiceolata, &c., Taxus uucifera, T. verticillata, Salis- 
huria adioutifolia, Cryptomeria japouica, ('upressus i')eudula, Juniperus 
Tirginiaua, Thuja orieutalis, T. dulllbratl^ Qiiercus glabra, Q. ghiuca, Alnus 
japouica, Juglans iiigi'a, llronssoiietia papyriiera, Ihtphtie odora, Laurus 
glauca, L. lucida, L. umbellata, L. ptsluuculata, Olea fnignuis, Uiospyros 
Kaki, Mespilus japonica, 8opliura japouica, xVeer japunicum, A. eeptem- 
lobatum, A. palniatuin, iV:c., Camellia japonica, C. Sasanqua. 

CuUirated plants. —liice, Wheat, Ibuley, Oats, Uoura (Sorghum vul- 
gare), Millet (Elcusine coriusana), Uuckwheat, Sago ( Cycas revolnta). 
Taro (Arum orCaladium esculentum), Itatatas, or Sweet I'otato; viuious 
HjMicies of Pear, Apple, Crab, Sc., (Quince, Plum, Apricot, Peach, Medlar; 



Gourds, 
. ) Sciipus tube- 

roaiis. Convolvulus reptaiis, Ileans, Peas, Solaiium attliiopicuin, Sesa- 
mum. Hump, Paper Mulberry, Cotton, Indigo, Isatis iudigotica, Ilrtica 


^7. Megimi of the SeilammeeD (Indian, or ItoxhurgKs Jlegum). ^ 
Mean temperature, G6°-83° Pahr. 

Character .—The tropical Onlers make their appearance, or become more 
abundant: Palma:,Cycadem, Scitaininea), Aroideae, Artoearpeie, Urticem, 
Euphorbiacea), Laiiraceas, Convolvulacrao, IJignoniacew, Apocynose, 14u- 
hiaceas, Leguminoste, Terebinthaceso, Meliacew, Guttiferae, Sapindacea;, 
Uyttneriacem, MMvacem. _ 

The extra-tropical vtmish, or only present themselves sparingly: Cari-^ 
cete, Ooniferas, Amentaceie, Labiata:, lloragineai, Compositm, Uosaceje,* 
CaiyophyUesB, CistacesB, Crucifera:, Konunculacese. 

Oeuera. —Uvaria, Grevvia, Erioloiua, Garcinia, Buchanania, Crotolaria, 
MemingiB, llute% Carpopogon, Jainbosa, Qiatiola, Tectona, Holi^iol- 
dia, Kcus, Phytocrene, Calamus. 

The trees are never without leaves. The number of arborescent plants 
is greater than outside the tropics. Large and splendid flowers. Mahy 
climbing, parasitical, and epip%tic plants. ■, 

Predonanant arborescent plants .—Dillenia omato, U. scabrella, Uvaria, sp. 
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Michelia Oampaca, &c., Uombax insignia, &c., Sterculia, sp., Aatrap.-ea 
Wallichii, Elayocarpus, sp., Caloph^'Uiuu, sp., Gairciuia, sp., Sapindus, sp., 
Swietenia lbbrifuga,Cis8us,sp., Aquilaria inuacceuais, Semecarpus Anacnr- 
diura, Melanurrhoaa naitata, Jmmosa, ap., Acacia, sp., Anilierstia nobiiia, 
Ptenwarpus aautaliuua, Cassia fistula, Jaiubosa, sp., Gaideuia, sp., Faticloa, 
sp., Uncaria Gninbir, Diospyros Ebcuura, &c., Urcuola elastica, JJignouia, 
Avicenuia toiucntosa, Tectona grandis,T. llamiltouiana, Lanins Cassia, 
L. Ciuuamuiniiiu, L.uialabathrica,TetrautheTa, sp., Myrisdca, sp., lleman* 
dia souora, Ficus mligiosa, F. iudlca, F. olastica, F. beiijamiiia, and many 
othei's; Cvcas ruvoliita, Itonissiis nabollifonuis. Cocos nncil'ora, Elate 
aylvestris, Metroxyloii Sagas, Calamus Kotong, C. rudontum, C. Draco, 
&c., Areca Cateirbu, Talicra bengaleusis, Drocama Draco, I’audauus odora* 
tissimus, Flogellana indica, Tiambusa arundiiiacoa. 

Cultivated plants. —Rico, AfilltHs, &c. (I’anicuiu finmentacouin, Eleiisine 
coracaiia. Sorghum, sp.), Sago (Ci'cna circinalis), Yams, Ground-niit ("Ara- 
chis), ('oc(Hi-uut,Tamaniid, Mango, Miuigostcen, Kouana, Plantain, llosc- 
Applos ('Kngeuia, Jambosa), Guava, Oranges of various kinds. Shaddock, 
Water-Melon, Sugar, Cofibo, Cloves, Peppers, Ginger, Cardainums, Tur¬ 
meric, Cotton, In^go, &c., Soja, Deans, Pulses (Dolichos, sp.). 


8. JRegioH of JlModeiuIron-drees (JBmodic, or Wdllieh's Megmu), 
AllUudcs, 6,000-12,000 foot. Mean temperature, (i0°-.‘)7‘’ F’alir. 

Character .—Tropical forms disappear or decreiuso:—Palmas, CycadeiB, 
Scitamineas, Euphorbiaccio, Solanacem, Convolvulace®, xlpocynacete, To- 
rubinthaceie, lA'guminosiC, Midvacem, Anonacca). 

Extratnipical, especially European, forms come to light, or become 
more abundant than in 7, sucli as Carieene, i\mcntace!P, tlonifeim, Poly- 

f on<?a! (Runiex, Polygonum, Rheum), Mmulaceie (Primula, Lysimaehia), 
.abiatie, Ericaceio (Itbododendron, Andromeda), Cichoracem, L'lubelli- 
foras, Rosaceie (I’otentilla, Ruhus, Rosa, Pyrus, Mespilus, I’runus), Ace- 
racero, Carj’ophyllacere (Stcllario, Cerastium, Aieniiria), Crucifera), 
Ranunculncea; (Aconitum, lianuucnhis, 'J'hulictnim). The Orchideio and 
.Ferns are very numerous. Other characteristic torms art; the 

Genera. —XUiiim, Paris, Plantago, Veronica, Rlnnanlhus, Podicularis, 
Didymouarpe83,Gontiana, Swertia, Campanula, Valeriana, Galium, Conius, 
Viburnum. 


Mo^ intportant trees and shrubs .—Pinus Pindrow, P. Webbiana, P. 
excelsa, I*. Khutrow, P. Gemrdiana, Abies Smithiana, A. Ih-owniana, 
Cedrus Deodara, Cupressus tornlosa, Podocarpus latifolia, Juniperus 
squamata, J. excelsa, Querens spicata and ten other m., Coiylus ferox, 
•Betula utilis, D. nitida, D. olnoidcs, Alnus nepalensis, Salix disperma, S. 
cuspidata, S. japouica. Daphne cannahina, Ih Gardneri, D. sericna, D. 
Dholua, Elncagnus nrborea, E. conferta, E. ambcllata,TIippophae salicifolia, 
Fraxinus iioribunda, Ligustrum nep^ense, L. bracteolatum, Xylostcum 
ligustrinum, Caprifolium japonicum, C. macranthura, Gomus oblongo, 0. 
cemitata. Viburnum fmtidum &c., Andromeda formosa, A. ovalifolia, &c.. 
Rhododendron aiborenm, R. barbatum, R. Falconeri, and many other sp.; 
Redera liainla, &c., Ilex dipyrena, I. odorata, &c., Ribes Takare, Rosa 
microphylla, &C., Rubus rm^us, R. betulinus, &c., Spirsoa canescens, &c., . 
^Neillia tnyrriflora, N. rubmoTB, Pyrus Fashia, Me^ilus affinis, M. Cuila, 
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&c., Pninus undulata, P.'cerasoidos, Rlias jiiglandifolium, R. fraxinifoliuni, 
&e., Rhamnus, sp., GelaEtf;ruB, Euonymus, up., Ac6r acuminatum, A. 
oblongum, Dobii^a vulgaris, Magnolia, sp., llorberis asiatica, B. Wal- 
lichiana, B. Miccia. 

Koie .—^Tlie western portion of tlio Himalayas diiiers considerably from 
tlie eastern portion, from the predominance of Uicotrlednnous fonssts and 
a damp climate in the former, with a rarity of Conifers mitil the limit of 
Abies Bmithiona (10,(XX) feet) is attainiul, and an extension of Uie tn^ical 
plants to a greater altitude; while in the drier eastern portion the Coni¬ 
fers are diftused throughout, the forests less considerable, and the plants 
of tt'inperate climates dillused lower down. 

Culfivnfeil plants .—The cereals and orchard fruits of Europe, mountain 
Rice, and a few tropical plants in the lower regions, 

9. Polynesian (or Peinwardt’s) Peyion, 

Mean temperattere, Cff’-Sd® Fahr. Altitude, 0-15000 feet. 

Charaeter .—^Resembling that of the Indian repon. The principal di¬ 
stinction consists in the greater number of (trehidese (especially parasitic 
species, which apwiar hero in many peculiar forms), of Fenis, and species 
of Ficus. A sbglit appro.xiniatiou to the Australian forms: .Melaleuca, 
Metrosideros, I’roteaceae (lleliophyllnm). Among the other character¬ 
istic forms are the 

Genera. —Licnala, Lodoictia, Rofflesia, Brugmansia, SOmioniu'us, Au- 
tiaris, Myristica, Nomaphila, Hydrophytmn, Flulogouin, Eseubecltin, 
Echinocarjms, Aromadendnm. ^ 

Preihymnumt trees and shntbs .—Primmval forests, composed especiidly 
of species of Ficus, Lauracea), CalameH>, and UignoniHce,a', with Licunla 
sp(!cioso, Lodoicea seychellarum, Brous»>netia pnpyrifera, Artocanuis in- 
cisa, Antinris to.vicaria (Upas), Myristica, sp., Ardisia, sp., Tectona 
graiidis, Strychnos Tieutc, Diospyros, sp., Barringtonia speciosa, B. cxcelsa, 
I’hilagonia procera, Cereus, sp., CsJopbyllura Inophylium, Eliuocarpus, 
sj)., Esenbccldn oltissima, Echinoca^us Sigun. 

OuUioated jdants .—^Tho snmo fts in the Indian region, >vith Bread-fruit, 
Cassava, Inocarpus edulis, Nutmeg, Camphor, Fapaw, Cotton (tree, &c.), 
I’aper-mulborry, Hemp! 

10. Upper Javan (or Plume's) liegim. 

Attitude, 5000-12,000 feet. 

Character ,—This region bears a certain resemblance to the Emodic 
re^ou, and ought perhaps to be united with it. Extmtropical forms re¬ 
place the tropical. Oak-woods replace the forests of Ficus; and these we 
succocdcid by forests of Podocorpus mingled with Temstrceiniacemis trees, 
above which the shrubby Heaths (Thibaudia) and woody GnaphaUa occur 
at a comparatively low elevation (9000 feet), where the trees ceast^ 

Gatcro.—Plantago, Lysimachin, Veronic^ Gentiana, Swertia, Vao; 
cinium, Gaultheria, VirejTt, Thibaudia, Beilis, Galium, Saprosina. 

Characteristic trees and shruhs ,—Temstroemiacese (Cleyera), Goidohia', 
Schima, Eurya, Meli^ro, arborescent Eapftorieie, Laungsem, Kens, 
Podocorpus amara, P. imbricata, P. latifolia, P. bracteata, Agathis loran- 
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thifulia, Querciu, 16 sp., Myrica javauica, Castanoa javanica, C. arffentea, 
&c., Idthocarpus javeusis, iOngelliaidtia spicatt^ K rij^ida, Thibaudia, ap., 
liongosa, sp., Viburnum, sp., Sambucus javauica, llmiuospurmum arbo- 
reum, Mespilus, sp. 

11. Oceanie (or Chammo'a) Megion. 

Mean Tvmprrutwre, 73°-8.‘{° Fahr. 

Character. —A spiu’ins' and not very p-culiar flora. Greater approxi¬ 
mation to the flora of Asia thiui to tiiat of Africa; some sfluiity to the 
Australian (Fasuarina, I’roteacetc, Myoporuin, Kpacridem, MGaluuva, 
Acaci® apbyll®^. 

Genera. —Sciiiedea, Antboloma, Aponitica, Crossostylis, Codia, Timo- 
nius, Kadua, Cyatbostegia, ArgopLyllum, Melodinus, Ascariiio. 

Predimiinani trees aiui ahruSs. — I >raca!iia termiiialis, 'J'occa pinuatiflda, 
Pandauus odurotissiuius, Cocos nuciiera, Corvpba nmbracidifera, Ciipi-essus 
eoliimuaris, Casuarina equisetifolia, C. nodifl<ini, Ficus, sp., Artocaiqius 
incisa, Aleurites ti'iloba, EnilKithrium strobiliuum, Scjovola Kmiugii, \ ac- 
ciniuin cereum. Lobelia arboreo, &c.; Coliea haduaiui, C. Mariniaiia, 
Kadua Cookiana, &c., ilbisophora Mangle, Tt. gyiunorbiza, I'enniiudia 
Calalpo, IJan'ingtoiiia speciosa, Melaleuiai virgula, &c., (Isteomcles antliyl- 
lidiiolia, Goasia Sopbora, Mimosa Mangium, .t^'iiauthera scaudens, Klack- 
burnea pinuata, CidopliyUum InopbyUuiu, Clusia .sessilis, C. pedicellata, 
^piudus Saporiaria, ])uaou®a spatliulate, 1). viscosa, Auorelica piiiuala, 
A. ternala, Grewla Mallouocca, 8torculia J ialangas, 8. foetida, Couuuersuuia 
cc.binata, Tetracera Euryandra. 

CuUtFoted plants. —ilread-lruit. Taro (Arum esculentum), Arum sa- 
gittifolium, A. microrhizon, Tacca piuuatilida. Convolvulus cbrysorbiziis, 
Yam (Dioscortta alata). Cocoa-nut, Banana, LuK'anms edidis, Sterciilia 
Bolaugas, Ficus aspera, F. Granatum, Sbaddock, Tlog-plum (Spoudias 
duleisj, Mimasops dissecla, Tenuinalia glabra, Cratmva religiosa, Eugenia 
malacceusis, 1 Iracmna termiuaiis, Macrupiper metbysUcum, Areca uleracea, 
Paper-mulberry. 

12. Beijitm of Balsamic trees (Arednan or ForskaPs Regtou). 

Character. —Tropical; in greatest part, Indian fonita. 

Charaderidic genera. —Stnemio, hlmrua, Herriea, Oucoba, Caucoutbus, 
Gemma, Balsamodendron, Cadia, Oryjna, Simbuleto. iSomu approxima¬ 
tion to the South-AMcau flora (Staptdia, Hmuiantbiis^. 

Brrdomaumt trees and shrubs. —Pandanus odoratissimus, ficus Syca- 
morus, F. salicifoiia, F. populifolia, F. Forskilii, F. palmata, F. serrate, F. 
Sur, F. Toka, Avicenuia tomentosa, Oynanchum arboreum, Balsamoden¬ 
dron gileadense, B. OpobaUamum, B. Kataf, B. Kaful, Oelastrus edulis, 
0. paryiflora, Qrewia populifolia, Mmrua uniflora, M. racemosa. 

CuUivaled /dants.-^Miflets (species of Sorghum), six-rowed Barley, 
Maize, Arum Golocasia, Date-palm, 'Plants, Cocoa-nut, Tamarind, Fig, 
Papaw, Pewh, Apricot, Plum, Apple, Quince, Vine, Coffee, Sugar, Ginger, 
ftaaish, Spinacb, Gourd, Dolichos, sp.. Tree-cotton, Indigo. 

Afofe.—This region extends to the plains of North-east India (Scinde), 
and should, probably inolqde part of Persia, and also of the Abyssinian 
r. region. 
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13. TAe* Desert Region {DelUe’s Region). 

Mean temperatwre, Tff’-SO" Fahr. * 

eSwraoter .—A very poor flora. Ko cliaiactcriatic Orders or genera, 
but the tbllowiug specius; I’ennisetuiu dichotomuui, Phoenix dactylifera, 
Ciicitera thebaica. Euphorbia niauiitanica, ^Eruu tomentosa, Acacia nilo* ■ 
ticn, A. urabica, A. gumiiiileru, A. Senegal, Cassia obovata, C. Siiigueaua, 
Alhagi mauivu-um. Mimosa llabbus, Zisyphiis Palma Christi, Zygophyllum 
simplex, Z. album, P'agonia arabiea, F. Uuduuyi. 

CnltmitioH. —Only iii the Oases; here principally the Date-Palm. 
Duura (Sorghum viilgai'e). Wheat, Dailey. South-European and certain 
Indian Iruits. 

14. Region of TrajMal Africa (Adaiisoii’s Region). 

[TIus Interior litUe kitown.] 

Mean tetnperalure, 73^-86“ Fahr. 

Character .—The flora is remarkable for tlie hu-ge numbix of peculiiu 
gomcric types, each often containing but fl^w species. Ijeguminosae, Ku- 
biiiccm, CS’ppraceic very pivvaleut. Ckniiparalively few species of Pahuu.', 
Fificcs, Scdtamiueie, I'ipemceie, 1’a.ssilloreaj. 

Genera. —Adausonia, Dombtiya, Melliauia, Christiania, Pentadesma, 
Nanoleoua, Parkin, Thonningia. 

J‘reiliiminaiil trees amt shriihs.f~S.\\om, senegalensis, &c., Cadaba fari- 
nosa, (.‘ratievn Ad.-uisonii, llapparis ediilis, I’eutadesma butvracea, Dom- 
bax pentiuidi'imi, D. guineensi‘, Adausonia digitata, Storculla acuminata, 
f.frewia carpinifolia. Acacia, s]).. Cassia occidentalis, Pterocaipiis escalen- 
tus, Parkia afrii-ami, Chrystbalanus icoco, Conocarpus pubescens, llhi/o- 
phoru, s]i., Psychotria, sp., lliimouia tulipifera, Avicenuia otricana, Eu¬ 
phorbia (shrubby species). Ficus, sp., Elais guineensis, E. melanocucca, 
llhapis viuifera,"Pluenix spinosa, Paiidanus candelabrum. 

Vuttivatctlplants. —Maize, Dice, Millets (Soighum vulgare, saccharatum, 
Pouicum, sp.). Yum (Dioscoreti alato, siiliva). Cassava, Arum esculentum, 
I’lantains, Mango, Papaw, Pine-apple, Oil-palm, Cashew-nut^ Figs, Tama- 
rinil. Citrus, sp. (Oranges, Ijmes, J.omous, &c.), Cofl'ee, Sugar, Ginger,^ 
Cardamoms, Grains of Paradise, &c., Doiuis of various kinds, and Do-* 
lichos pulses, Gioiiud-uut (Aiachis), odiblo Solona, Cotton, Tobacco. 

Ifi. Region of Cacti and Ripm-aeeee (Jaequin’s Region). 

Mexico, Guiana, tSfC. 

Altitude, up to CtXX) feet. Mean temperature, 08°-84® Fahr. 

Character. —Ih'oraoliaceiB, Kporacese, Passifloraces^ Cactaceic, Euphor- 
biacese, Convolvulacete, ApocynaceiB,_ Itubiacese. Tropical Orders less, 
frequent here than in other placra .within the tropica: Filices, Scitami- 
note, OrchidacciB, Myrtaceaj, LeguininosiB, Terelrinthaceas, Aurantiace®, 
Tiliocew, Malvace®. Extratropical Orders appearing or becoming mone 
abundant; Labiat®, Ericace®, Campanulace®. Coumosit®, Umbellifprt^,' 
Crassulace®, Kosace®, Caiyophyllace®, Cruciier% Danunculace®. 

Charactcrietic genera. —^Phytelephas, KuntMa, Galactodendron, Podo- 
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pterufl, Salpionthtts, Bussellia, Lagasceo, Gronovia, Thouinia, Lnce- 
pcdia, TheobrQina/Guazuma. 

Predomimra trees and shrubs ,—Oyothea Hpinosa, C. villosa, Menisciuiu 
arboi'escens, Agave amcrictuia, Yucca aoaulis, Cocos iiBcifera,'0, buty- 
ractis, Mauritia flexuosa, Martinnzia cai^otilblia, Oi-eodoxa montana, 
Kuntbia montana, Obamaii-opa Morini, Corypha Miragnuma, C. Puimts, 
O. tectoTum, &c., Liqiiidambai' stymciilua, Cecwmia peltata, Galactodeii- 
ton utile, Bhopala ovata, Avicennia tomentosa, Ehretia teinifulia, Coi-dia 
dentate, Oereus, sp., Melueactus, sp., Ojjuntia, sp., lVit>8kia, sp., Mannuil- 
laria, sp-j^cythis cUiptica, &c., liertbollctia oxcelsn, arborescent !Mtila- 
BtomiB, Baulmia splendens, li. suavuolens, &c., Il.ieiuatoxylon caiupi!- 
cliiauum, CfCHalpinia cassioides, &c., Acacia cornigcrii, A. fintida, &c., 
Hymenrea Gourbaril, &c., Tiiga llumboldtiaua, I. iusigiiis. See., Mimosa, 
sp., Swietciiia Mahogaui, Bonplandia trifoliata. 

Cultivated plants. —Maize, Doura, Cassava, Yam, Batatas, I’lantaiu, 
Maugo, Custard-apples, Guavas, Cocoa-nut, I’apavv, Pencil, Pine-apple, 
Cashew-nut, Tamarind, species of Citrus, Giunadilla, Vine, Cnctiis-liif, 
Rose-apple, Cocoa, Vanilla, Codec, Sugar, Tomatos, Capsicums, Pigeon- 
peas (Cajanus), Ground-nut, Cochiucal-cactus, Tobacco, Cotton. 

16. JReffion of the Me.rtcan Highlands (Buttplamrs Ilegioti). 

Altitude, above 0000 feet. Mean tenqteralHre, C7°-70° Fahr. 

CSiaraeter .—Tropical fonus vanishing otr decreasing: Trcc-fems, Palma?, 
Piperaceas, Euphorbiaceas, Melastoraaceae, I’assilloraceio. Extratropical 
forms make their appearance or become more abundant: Amenttieem 
(Salix.Quereus), Conifer® (Pinus, Oupressus), Labiatn: (Salvia, SUichys, 
Mnrrubium),Pemcularis, Anchusa, Myosotis, Polemonium, Ericnce.® (Vac- 
= = Arbutus, • 


V/uiraetertatte genera. —Xtlirabiiis, Mauraudya, Ijeucopliyllum, iioltzi. , 
Dahlia, Zinnia, Schkuhria, Ximenesia, Lopezia, Yauquelinia, Choisyn, 
, Cheirostemon. 

Ih-edomtnatd trees and shrtdis. —Pinus occidentalis, Abies hirtella, Cu¬ 
preous thurifeftv, C. sabinoides, Tazodium distichiim, Quercus (lOsp.l, 
^ix Bonplandiana, S. paradoxa, &c... Arbutus mollis, A. |®tiolaiia. Arc-, 
tostaphylos polifolia, A. pnngens, &c., Vaccinium geminitiurum, V. sta- 
mlneum^ V. coufertuin, Rosa Montezunue, Mespilus pubescens, Amyg- 
dalus microphyUa, Cheirostemon platanoides. 

Cultivated plants. —Maize, European cereals and {huts. 

Note .—In the uppermost r^ons of the mountains the ilora acqjiiires an 
alpme aspect. Here occur Cyperus toluccensis, Chelone gentianoides, 
.Onicus nivalis, Ageratum arbutifoliiim, ^enedo (many procumbent species), 
PotentiUa ranunculoides, Lupinus elegimB, L. montana, Aienaria bryoides. 

17. JSegion of Cinchonas (Andes, or Humboldt’s Region). 

ARRMiig, 8000-0000 feet. Mean tengperaiwe, 69“-68P Eohr. 

CAoractsTi^lElztratropical forms make their appearance, or become 
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more frequent. Graminocete, Amentaeefe (Quercus, Balix^, Labiatse 
. (Salvia, Stacjhys, Scutellasia), Auchusa, M^osotis, Swortih, Efice®, Gom- 
uoKitu) (very numerous^, Oaprifoliace® (Vibumuiu, Sambucus), Umbel- 
lil'ersB (I'Vrula, LijrusticiuiG, Kosacca), GnicifiuiB, lianunculaee®. t)n. 
the other hand, certain tropical fonns vanish or become rarer, but a few 
particiilar species of I’nlm®, Wperacero, Cactace®, Possiilora, and Mela- 
sloiuaee® asctuid to a considerable altitude. 

Genera. —LUtc^ Gervautesia, Oreocallis, Lachnostonu^ Gaylussacnio, 
Stevia, Maveria, Tu(;etes, bispidetio, Ciucliona, GuUleminia, Loasa, Ka- 
;ri.-iu‘ckia, Nepjetia, Aiiiicia, Perottetio, Dulongea, Laplacea, Prezicra, 
Abatia, Moiiiiiiia. 

Prethmhiaiil trees mul shruhs .—.flreodoxa frigida, (.V*roxylon andieula, 
Podoearpiis tu.xifolia, Salix llumboldtiiina, Qwu'cus llumboldtioua, Q. 
eliiiugii('n'nsi.s, Q. t(dimeu.sis. Ficus velutina, Itliopala cordifolia, ()n!o- 
.•allis graudilloi'ii, IVrsea hevigata, P. Mutisii, P. sericea, Ocotea mollis, 
t). sericea, X'ucciidmu caracasaimm, Andromeda bracamorensis, liefaiia 
gl.ii.iica, 11. l(>difolia, (Unebona Gondainiuea, G. cordifolia, C. oblongifolia, 

('. laiicifolia, &c., Weinmannia clliptica, W. ilalbisiaua, &c., Osteomoles 
giiibrata, Itnbiis floribuudus. Ilex bumeloides, 1. myricoides, Glusia el- 
li])ticiy 

L'liltv'ifteA tti">its .—The tropical cultivated plants mentioned under 16 
almosi (■utir .dsappear; Miuze and Geliee, however, are cidtivated in 
this rf'gum; ^ these come the European cereals and fruits, Potatoes, 

uni (Jheuo' Quinon. * 

1 , ...sciJlmiiat ami Ctileeolarim (Ituiz mtd Pavon's Pet/imi). 

<.i000-]8,000 feet. Meem temjxrralure, dSP-Sd® Fahr. 

t. rti/.—The tropical fonns have disappeared almost entirely, but 
t'le Ibrouinjr geneni still occur:—Tilhmdsia, Oucidium, Peperomia, 
iih.evia, Possiilora. The fonns which characterize the colder temperate 
: f, the jiolar zones become more eumiuou: Lichenales, Musci, Ciuxix, 
•'.r.isiiln, Ahms, Ituiiicx, Planto;^), Oentiana, Swertia, Vaccinium, Gam- 
• niila, (^iculia, Senecio, Uinbelliliirie, Valeriana, Saxifraga, Bibes, Rubus, 
Ajcheniilla, Garvophylhicete (Sagina, Arenaria, Gerastium, Stellaria), Gru- 
'“iforo! (Praha, Arabia). _ ■ ^ 

Predommaut Orders. —Compositto, Graminace®, Ericacete. No large 
trees. 

Characteristic, genera. —^Pesyeuxia, Tigridi^ Gardo^uia, Oalceolnria, 
Thibaudia, Lysipoma, llamadesia, TTomanthis, Ghuquiruga, Gtdeitium, 
'Wemera, lluineimlia, Eseallonio, Peetophytum, Klaprothio, l?olylepis. 

Predotnhuiiit shrtibs .—^Alnus ferruginea, A. acuminata, Vaedmum ncu- 
ininatum, V. empetrifohum, V. floribimdum, &c., Thibaudia rupestris, T. 
doribunda, T. lonmfulia, T. strobiiifei^ Befaiia grandiflora, R coarctata, 
Ribes feigidum, Escallonia myrtihoides, E. tortuosa, E. berberidifolia. 
Hex Bcopulonun, Prymis granatenais. • ■ 

10. •West-Iudian (or Sivarts's) Begion. 

Mean temperatnre, 60°-79° Fahr! 

Charaeier, —^The flora of this group of islanda‘approaches th&t of the 

2o2 
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adjacent continent, but is diatingniehed especially Polynesian 

from the Indiarf flora) by the great quantity of Filices and Orcludacem. 
In addition to these Orders, we find among the charachiristic forms the 
following:— * 

Thrinas, Epistylium, Alchomea, Tanaecium, Tetranlhus, 
Catesbiea, Belonia, Portlandia, Picramnia, Legnotis, Lithophila, Valen- 
tinia, Ilypelate. 

The following are deserving of mention among the predominant trees 
and shrubs:—Cocos niicifera, Pinus occidcntalis, Laurus, sp., Melastoma, 
sp., Myitus, sp., Sterculia, sp., Iharia, sp. 

Cultivated fdaitts the some as in 16. 


20. Jleffwn of Pahm and Meladonue (BrasUian or Martiux's Betpon). 

Menu tempcrahire, o9“-84'-’ Fahr. 

Cimracier .—Probably that portion of the globe in which the Vegetable 
Kingdom presents the greBt<!st profusion and Viirioty. Abundance of 
genera and species, inaguitude of iudiridiials, iniptmetrnble (prim.-oval) 
forests, numerous climbing and parasitical plants. Among the chtu'au- 
teristic although not peculiar Orders may bo named Palmro, IlfBino- 
doroccie, Gcsneracem, Melastomacoic, and ^upiudacem; the Vochysincoio 
ail! peculiar. The peculiar genera are too numerous to be all mentioned 
here: among those richest in s])ecies ara the 

ffcwo.—A^ellosia, liarhaceiiia, Manihot, Frauciscea, Ditassa, Lycno- 
plioro, Oiplusodon, Kielmeyerti, Sauvagesia, Lavradin. 

•■Vhuracieridic pemra and epecks, aceordiit;/ to the different modex of 
oeeurrenee .—In the primaeval forests; Palms of various gemsra, Thon, 
Ficus, Cocropia, Amla, Ilhopala, Myristica, Ilignonia, Theophrasta, Stifi'tia, 
O.vyauthus, Coutarea, Psyeliotria, Bertiera, Finiillea, Carica, Myrtus, (liis- 
tavia, Lecythis, Bertholiidin, Melastoma, Tlvmemea, Dimorpha, Trutli- 
nickia. Pilocarpus, Tricliilia, Codrela, Cupaiiia, Banisteria, llipnocratea, 
Caryocar, Maregravia, Cliisia, Calophyllmu, Sloaneo, Oothea, LeWtouia, 
Abroma, Corolinea, Bixa, Uvaria. 

In the Catingas (or opim woods, where the tree.a lose their hiaves in the 
dry season): Jatropba, sp., Acacia, sp., Mimosa, sp., Cmsalpinia pubescens, 
&c., Spondias tuberosa, Thryollis brasiliensis, Chorisia ventricosa. Bombax, 
sp., Eriodendrnn, sp., Pournstia ventricosa, Oapparis lineata. See., Anoua 
omusifolia, &c. 

In the Campos (open treeless plmns): Panicem, Amaryllis, Alstm>- 
meria, Vellosia, Barb^tuia, Bormanuia, Stelis, Cneniidostacbys, llliqiala, 
Laurus, Ocetea, Gomphrena, Lantana, Echites, Hancomia speeiosa, Ges- 
nera, Lycnophora, iWcharis, Vemonia, Mihania, Stevia, Melastoma, 
Rbexia, Terrainalia fagifolia, Gaudichaudia, Sauvagesia, Lavrodia, Plect- 
anthera. 

On the sea-coasts: Cocos schigophylla, Diplothemium maritiinum, 
Eriocaulon, sp., Xj'ris, sp., Avicehnia tomentosa, Rhizophora Mangle, 
Conoca^us erectus, Lagimcularia racemosa, Bucida Buceras, 

Ctdtivated fiantx, a^ut as in 16. 
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21. Region of shrttbbg CotnpoaUa (Rxfy'ofropiced S,-American, or iHt.- 
. UilaMt Region). • 

Mean temperature, 6$)®-74‘’ Fahr. 

Charatier .—Tlie tropicd fonua decrease or vanish; extratropical, 
especially JOuropeaii, forms lake their place: Ranunculaceie, Oruciferao, 
I leliauthemuin, (Jaryophvllace®, Lathyrus, Galium, Teucrium, Plantiipo, 
Carex; a few South-Afncan forms, Polygala, Oxalis, Gnaphalium. This 
region has more than half its genera in common with Europe. N uiuerous 
CompoaltiG; many amou^ these shiubhy. 

Gemra. —Larroa, Hortia, Diposis, Poopis, Aeiearpha, Cortesia, Petunia, 
Jahorosa, Trieycla, I'aperonia, Bii>ennula. In grtsat part consisting of open 
"at plains (Pampas), over which Grasses and jhisUes prevail. 

CultieaM plmits .—Mostly the European: Wheat, Vine. The Peach is 


22. T/ie Antarctic Region (1)' UrrUh's Region), 

Mean trmi>eraturr, 4P-48'' Falir. 

Character .—Groat resemhlance to the N'orfh-European flora (Region 2). 
The tropical forms have eiitu'ely vanished. 

Predominimt- (Mere. —Gomposilm, Graminaccae, Carice®, Musci, T.i- 
chenns. The following axe also common: Itannnculace®, Crucifer®, 
Caryophylhwe®, llo-iiu:eii:, TTmltellifer®. Two-thirds of the ;jenera in 
common with Europe. A slight approximation to South Afnca (Gla¬ 
diolus, Witsena, Galaxia, Crassula) and to Australia (Emhothripm, 
Gurisia, Stylidi®, Midarum). 

Charncterietic genera. —Gaimardia, Astclia, Callixene, Phileaia, Dra- 
netes, l$.®a. Calceolaria, J’erneitya, Oligosporus, Nossavia, Holax, Asoi'clla, 
ilonatia, Acmiia, Hamadrvns. 

l^redomiimnl treee and shriibs .—^Fagus antarctica, Salix magcllaiiica, 
Emhothrium coccinoura, Pemuttya empetrifolia, P. mucronata, Andro¬ 
meda myrsinites, ilaecharis trideulata, Chiliotrichum amoUoides, Itibes 
magellai'iicum, Escallouia stsrratai, h’nchsia coccinea, Myrtus numinularia, 
Berberis ilicifolia, B. iuermis, 11. microphylia, B. empetrifolia, Drimys 
Winteri. No cultivation. 


2.“}. Region of Stajidite and Metcmlm/mvthetna (S. African, or 
Tlmnherg's Region). 

Mean temperatwre, 64°-78° Fahr. 

Character.—K flora veiy rich in forms, but not luxuriant; no large dense . 
forests, or abundance of cumbing plants, &c.; many succulent plants. 

Clmracteridic Ordere. —Restiace®, Iridace®, Proteace®, Ericace®, Fi-» 
coide®, Bruniace®, Diosme®, Geraniace®, Oxalide®, Polygolace®. 

Genera. —Restio, Ixia, Gladiolui^ Morma, Watsonia, ll®nianthus, Stru- 
mario, Agapanthns, Euconiis, Mossouia, Strelitzia, Passerina, Gnidia, 
Proteo, Ijeucadendron, Leucospermum, Serruraria (and many other Rkv-' 
teacem),Stilbe,8elago, Stapelia, Erica, Gnaphalium, Uelichiysum, Stobroa, 
Pteronia, Osteospcimum, Taxchonanthus, R^ania, Gorteria, Arctotis, 
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Otlionna, Stelw, (Edera, Antliospermnm, Mesembiyanlhemum, VaUia, 
Liparia, Borbonift, Lcbeckia, Baffma, AspiJatlnis, Stavia, Bniuia, I'hylico, 
Dioama, Palargoniuin, Oxalis, Sparmannia, Muraltia, I’olygala, I’enaja, 
Welwitschia. ' 

Vredmninmtt forms .—On tho sandy districts of the coasts: Stapclia, 
Tridacera, Mesomhryanthonuim, Restio, Diosma. On the mountains; 
I’roteacem, Ihica, Oiwisiila, &c. On the dry plateaux: Acacia capcnsis, 
A. giraftffi, A. detincns, A. viridaniis, Euphorbia mauritanica, E. tenax, 
I’oa spiuosa, Mcseiubryauthcnuun, sp., iVloe, Iridace®, Erica, Diosme®, 
Restio. 

Other remarlcnhle species .—ITicmanthus eoccineus, Amarjllis toxicaria, 
Testudinaria montaua, T. elj^hantipos, Podocarpus elonpratus, Snlix 
"ariepina, IVotea iiiollifera, P. gnindiiiura, la'iicadendron argentoum, 
Jjaui-us bullata, Lyciuni tetiundrum, Olca siniilis, Rhizogum trichotonium, 
'ra«thonantlius eamphonitus, Slo'bt! rhinoccrotis, Orassula coccinea, I*or- 
tulararia afro, Mesembrynnthenium edule, M. tnrbinifornin, Metrosidcras 
angustifolia, Acacia elepliantina, Zizyphus buhalina, Calodcndron capense, 
Welwitschia rairabilis, Succulp;it vines (Vitis), &c. 

('Mcated vlauts .—The European cereals, fmits, and escpl<‘nt vege¬ 
tables; also Sorghum caflroruni. Batatas, Plantains, Tamarind, Goava, 
Shaddock. 


^24 


Beflion of the Bneoh/pti and Bpnerides (Aitstridim, or 
J2. Brtnen's Jtegioti), 


Memt temperature, 53°-7fP Fahr. 

Character .—One of the richest tnd most peculiar floras, but without 
any considerable profusion of vegetation. 

Yhe eharaetermic orders mid genera are —Xerotes, Xanthorrhma, 
Ptcrostyles, Oasuarinne, Leptomeria, Kmelea, Proteaee® (Banksia, Ilakea, 
Persoonia, Grovillca, Petrophila, Isopogon, Dryandra), Myoporimw!, West- 
ringia, I.iogaiiia, Mitrasacrao, Epacridact;® (lilpacris, Leucopogon, Sty- 
pholia), Stackhoiisiere, Screvolero, Goodenovie®, Stylido®, Eucalyptus, 
Melaleuca, Jjoptospermnm, Acaci® aphyllro, Platylobium, Bossiwa, l)io,s- 
me® (Boronia, Zieria), Kttospore®, Tiemandre®, iflenrandra, Tlibbcrtia. 

Predomimtd trees mid shrubs. —^Three-fourths of the forests are com¬ 
posed of species of Eucalyptus, the number of which amount to more than 
a hundred. Next to theso come I’rotoacc®, Epnciide®, Diosmero, Ca- 
snarin®, and Acaci® aphyllm, forming woods and “ bush.” Also Conifer®, 
Araucaria oxcolsa, A. Bidwilli, A. Cunninghamii, Cookii, Dacrydium 
Franklinii, Podocarpus spinulosa. 

Ctdtimted pkmls ,—^In the European colonics the cereals, fruits, and 
vegetables of Europe. 


25. fim-Zealand ’Regkn {Forster's Eegirni). 

Temperate dUmate. 

Character .—^Tropical forms vanish, or appt'ar but sparingly. EDtlf the 
genera European. Approximation to Australia (Kmeleal 3Ivoporuiu, 
Epacris, St^helia, Cassiuia, Melaleu'-a); to South Africa (Gnapha'.ium, 
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Xoianthemum, Tetra^onia, Mesembryuntheraum, Oxalis); to the Ant¬ 
arctic region (Mniarum, •Fuchsia, Aciena, Drimvs). Vferv ipany Ferns. 

Genera. —I’honiiiuni, Penuantaa, Knightia, i'orstera, Giiseliuia, Misli- 
oope, Dicem, I’lagianthus, Melictiis. 

Charaeterintie s/jeeies .—Oyathea inedullaris, Gleichoniafurcata, Diaciena 
iridiviaa, 1). australis, Phorminin tenax, Areea sapid^ l)acr,\(lium taxi- 
fulium, Damnuua australis, Podocarpus Totiirra, Knightia oxcelsa, Avi- 
cennia resinifera, Andromeda rupostris, Epacris juniperina, &c., VVoin- 
mannia lacemosa, 'I'etragonia expausa, Fuchsia excorticate Melaleuca, 
sp.. Dicera dentate P. serrata. 

piiltiraleilplnuto .—Arum esculentum. Convolvulus chrysorhizue Phor- 
mium tenax (Xew-Zealand flax), Paper-ninlbeny. In the Emopean 
coluuies the cereals, ihiit.s, and esculents of Central Europe. 


Sec1^4. Statistics ok Veoetation. 

Various authors have made computations from existing 
data, •with a view to ascertain the total number of existing species 
of Phiuiorogamia : Imt as the opinions of authors as to what limits 
a species are so extremely varied, it se(>ms useless to occupy space 
■witti such siK-oulative matter. The computations range from 100,000 
to :100,000 species !ind u])wards. It is soiiw'wliat more easy to lay 
down some general statistical facts rcgsirding the distribution, and 
particularly in rctforenco to the relative proportions of the more im¬ 
portant Classes aud Orders, in dilferent regions of the globe. 

047. Materiids are' insufficient to enable us to calculate the 
relative distribution of Cryptogamia aud Phanerogamia in different 
regions. The former appear to boar a liigher proportion to. tho 
latter as we recede from the equator to the polos; but this may 
depend njwn our better acquaintance with tho Cryptogamic Floras 
of tho northern temperate regions than with the Cryptogamia of the 
wanner climates. 

04S. As regards tho relative ahundanco of Monocotyledons and 
Dicotyledons in different latitudes, it is generally agreed that the 
proportion of Monocotyledons to Dicotyledons increases from the 
equator towards tho poles,—a retrogression of tho proportional 
number taking place, however, in the icy regions of the poles and on 
alpine summits. As a rule also, closely connected 'with the above 
statements, Monoeotj’ledons arc more predominant in proportion to 
the greater moisture of a climate. 

949. Probably no Orders, except the Leguminosm and tho Com- 
positffi, contain a number of species amounting t#5 per cent, of tho 
total number of Phanerogamic species. Thus tiio existence of species 
of one Order in any region exceeding in number 5 per cent, of £(11 
the species found there, indicates a predominance of that Order. If 
such predominance occur only in one region, the Order becomes 
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charaeteristie of tnat region; if such predominance of the same Order 
occur in many regions, it indicates wide diffiMon of that Order. 

In a verv long list of Floras, from all parts of the globe, compared by 
Alph. l)e Candolle, it n-as found that only .To Orders of Phauerogtniiia 
formed more than !> per wnt.- in any one or several regions. 

The Orders which piwenled in one or but a few floras from 10 to 19 
per cent, of the Phaiierogmiiic species were:— 


Oaryophyllacem .. Spitsbergen (14.1 per cent.). 

Cniciterie . Spitzbeigen (10b W’d Melville Island (131). 

Legnminosie .... Almost all intertropical and subtropical regions. 

niibiacea! . Sierra L<*oiio (10). 

Pn)tenceie . Australia (IIi). 

Melastoiuacem .. West coast of tropical America (11)), Brazil (?). 
Sa.\ifragaceie .... Spitzbeigen (IdJ), Melville Island (lo). 

SolanocetB. Ascension (1.3) (naturalizccl). 

Myrtacefe . Brazil (?). 

Cyperacete. l.iaplaiid (1.3), Iceland (11), Brocken (12). 

Orcmdaccffi. New Oiiinea (BU), .lava (10), Mauritius (111), 

S. Mexico (10). 


Of Orders ordinarily exceeding 10 per cent, of a flora,— 

GraminaceiB constitiitc'd IS {)er cent, in Spitzbergen; 21 in Melville 
Island; 27 in Keigiielens Laud. Compositic, 18;J- per ciint. in Califoniia 
and .Mexico; 10 in the Malouinns; 21 in Chili; 22 at Quito; 26 in the 
S. of Buenos Ayres; 27 in .Tuan Fernandez. 

Orders with more than .'10 per cent, oceurred in exceptional localities, 
viz. Oompositai (-‘W;)) in the elevated parts of Chili, and Cyperaceai (JW*) 
at Tristan d’Acunha. 

950. Certain Orders predominate in particular latitudes, without 
iKung in their nature characteristic of those latitudes. 

• Thus, while in some regions of the tropical zone the Palms, Zingi- 
berocete, Marantacem, 'Melastninoceae, Malpighiaccie, &c. are really cha¬ 
racteristic, the predominant species of the tropical floras are not mem¬ 
bers of such Orders as Laurnceie, Menisperniaceee, Anonacem, Boinbacem, 
which have their ma.ximura in hot climates, but belong to the Ijegumi- 
nosie, Graminacem, and Composite, whidh exceed 10 per cent, gi'iierally 
in the tropics: the Orchidaceie and Cyperacere follow next, then Eii- 
phorbiocece, Urticace®, Melostomaceie, and Scrophulnriacoas; of which, 
• Melastomace® alone belong exclusively to hot regions. 

Other Orders occurring in many tropical floras, but forming less than 
6 per cent, of the species, are:— 

Oonvolvulaceffi, Sfalvoce®, Piperacefe, ZingiberaccBO, and Marantaeem, 
Solanaceie, and less^ cCmmonly Acanthace®, Amentace®, Apocynacero, 
Bignoniace®, Boraginai-oiB, Capparidacoie, Cucurbitacc®, Oontianacero, 
Labiate, Laurace®, Lorimthoce®, Malpighiaceio, Myrtacero, Umbelliferro, 
Palmace®, Posatflorace®, Bosace®, Rutacc®, Anacardiace®, and Ver- 
benace®. 
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The. Ferns arc likewise exnoedingfly predominant in species in the 
islands of the tropics (1(5, 21, 2(5 psr cent.). 

Limortheni temperate lalitudes (from the tropic to 60'' N. lat.), again, 
CompositsB, (THuuinaceuj, Cyperaceas, and Legnminoste predominate in 
species; the Cypeiaa'tD increasing northward, the la^guminusae rapidly" 
decii'asing (dnuiada 8 per cent., lorkshire per cent.)_. Next foUow 
Cru(!ifene, Ihnbellifene, and CarvophyllacesB; then Lahiatas, Itosacem, 
and SciDphulaiiaceie. No other Orders exceed 6 per cent, of the spodes, 
and only attain tliis in exceptional localities. 

In the northern zone beyond (50“ N. lat., the species ravdominating north- 
ward.s are (IramiiuiceaB, Crnciterie, Saxifragaceie, Caryophyllaceie, Ita- 
nunciiliu!(!:e. lloBucero, tlyperaceio (5-7 per cent.). (Jompositae form 7 per 
cent, in .Melville Island! mit oniy 4-6 per cent, in Spitzbergen. Amen- 
tif(‘ra! (Ikdiilaceo!, .Salicoceic, &c.) and .luncaccte barely reach 6 per cent,; 
I’olygonacero, Ihicacea;, and ScTophidaiiaceae approach this number, but 
are mostly below it. 

In the smith temperate zone we find two classes of regions, one dry, the 
other with a damp eliinato. The tbmier comprehends tiie Cepe of (lood 
Hope, Australia, (*hili, and Lalfiata. Compositie predominate at the 
Capo and in America, but in Australia fall to 7 per cent. Leguminosie, 
on the contrary, make but 7 to 12 per cent, in America and at the Cape, 
but 14 per cent, in Austmlia. The fJrasses luo not more than 3 to 6 per 
cent, anywhere, and the Cypeiwcem still fewer. 

The Cape and Anstraha have, however, certain especially abundant 
Orders; thus I’rotoaceas form 2 to 6 per cent, at the Cape, 8-12 per cent, 
in Australia; Myrtace® 9 jier cent., and Epacridacose 4-6 per cent, in 
Australia; Iriihiceie 4-(5 per cent., Lilioco® 4-5 per cent., and Ericnce® 
2-0 per cent, nt the Cape; Stylidiace® and Goodeniace® are especially 
Australian. 

In the moist regions, comprising parts of the African coast, Tasmania, 
New %alaud, Ishmd of Chiloe, &c., the Grasses and Composit® increase in 
departing from the tropics; Cyiierace® rise to 4-8 per cent.; Orchidace®, 
4-J-8^ per cent.; and Ferns are very numerous in the islands. Kestiaire® 
increase in Tasmania, but I’riiteiice®, Leguminos®, with Stylidiace®, 
Goodeniace®, &c. decrease. The pioportions in (he southern extremity 
of America approach those of the temperate and moist redone of the 
northern hemisphere. 

As a general statement, it may he said that of the throe most fre¬ 
quently predominating Orders, Ijoguminos® are diminished in propor- 
rion to temperature, the Composit® are lessened by combined cold and 
humidity, and the Graminacc® me least predominant where the climate 
is dry. 
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CHAPTER HI. 

BOTANICAL GEOLOGY. 

Sect. 1. Nattee anj) iMroRTAUci: or Fossil Piasts. 

951. Remains and traces of plants arc met nitli in most of the 
stratified rocks which have been produced hj’ successive geological 
changes of the earth’s surface. These remains aftord an indication, 
more or less perfect in different cases, of the nature of the vegetation 
which has existed in earlier periods of the world’s historj-. Vege- 
tuhlo remains found imbcddisd in g«‘ological formations are calk'd 
fviuiil ijlants ; and the condition in which tl)osc fossils occur are cx- 
cceclingly varied, both as to the nature of the substance presen’ing 
the vegetable forms, and the degree of perfection of the forms pre¬ 
served. 

The principal kinds of fossils may be classed as follows :—1. jPiiri^nl 
in which the structures of plants have been mon,' or less coniph'lely 
unpregnati'd with mineml matter, haixlenitig them into a stony mass. 
'I’hey present various modifications, in which 'more or less of tliedrganic 
matter remains, completely impregnated with mineral suhstiuices, or 
where the mineralisation is so complete that the organic substance has 
tnldly disappeared. The mineral substance of such fossils is difl’erent 
ill (huerent cases. Silicitied remains ore the most common; fossils im¬ 
pregnated with carbonate or sulphate of lime abound in other strata, 
while fossils of dense or earthy ironstone, aigillaceous iroiLStone, and, 
lastly, iron-pyrites are frequent in particular rucks; impregnations with 
rock-salt, oxide of copper, alumina, &o. an? ramr. 

2. Coal, where this vegofnhle suhsinnee is more or less completi'ly con- 
verted into a solid, black, combustible carbonaceous siihstance, of stoiic- 
liko aspect. This occurs in almost every possible modification, in masses 

• or in tne form of isolated plants or organs of plants, from the solid stony 
aiithracite to the hromi coal or lu/ttUc, which preserves the organic textum 
and is recognizable at first sight as vegetable matter. Coal-beds ore 
formcsl through the accumulation of vast masses of vegetation, and tlieir- 
cpnversion through pressure aud chemical changes into solid masses; but 
loaves, stems, or parts of stems, such as layers of hark, fruits, &c., con¬ 
verted into coal, arc found isolated in strata of various coiiiposition. 
With these last are intimately connected the numerous fossils which oro 

'■ true petrifactions, but have the organic matter preserved in the mineral 
substance in the condition of coal, giidug a coal-like aspect to the fossil. 

* 3. Impremons or tuituralcaii^o i plants or organs of plants, which have 
been formed by the vegetable objectif being incrusted by, or imbedded in, 
mineral substance and decaying subsequently to the solidification of tlie 
, enclosing B\ibe^aace; the cavity left by the decayed vcgi'table may be 
filled' up by siune or a different mineral suWance ; and casts of the 
internal porlB of stems &p. ore met with, from the penetration of the 
mineral matter feto cavities formed by the quicker decay of succulent 

' structures, iracii as pith. < 
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4. pftjtVcfa contained, in amber, the fossil resin of a l^ine, "which has 
accidciitiiljy enclosed various vegetable and animal bodies which it flowed 
over while liquid. The objects are sonietiiiKis thoroughly unprc[matod 
with aiiibcT, liice microscopic objects enclosed in (lanada balsam, these 
haviiifr been enclosed in a dead or dry condition; in other I'ases, where' 
fresh organs have been enclosed, hollow casts only are found, the en¬ 
closed matter having been more or less decomposed. 

032. The study of vegetable fossils is far less satisfactory than 
that of animal remains, since, in the great majority of cases, the 
structures most distinctive of the subordinate grouja of plants are 
formed of very perishable matter. Genera, and even species, of 
animals may be recognized by bones and shells, which arc of a veiy 
per.sistent nature, and tire found abundantly in stratified rocks. The 
preson-ation of fossUs can only have occurred through the agency 
of water, impregnated with mineralizing matter, or loaded with 
mud which enclosed the remains: the vegetable bodies which can 
resist the long-continued action of water are tew; and these mostly 
afford only characters of large sections of the vegetable kingdom, 
without furnishing generic, far less specific distinctions. Added to 
tlie fragmentary character tjf the fossils known, those kinds hitherto 
found possibly only represent partiidly prevailing forms of vegeta¬ 
tion. 

5)5;}. Attempts, however, have been made, by combining* the 
conclusions of stratigraphiciil geology and animal palaeontology with 
those of vegetable pahrontology, to form conceptions of the charac¬ 
ter of the vegetation of succeeding geological periods. The .ideas 
obtained in this way, however, arc very superficial and exceedingly 
speculative. Still there is much that is promising in the investiga¬ 
tions ; and the general tendency of aU the facts hitherto collected is 
to indicate that there has been a gradually increasing complexity o^ 
organization in the plants successively created, that the plants of 
the earliest epochs belong to the lower Classes, and that the higher 
Phanerogamia appeared only in the later formations—^in the last of 
those probably in smaller proimrtion than in existing vegetation. In 
the earliest formations (Cambrian, Silnrian, <Scc.) the few vegetable 
remains are those of Alguj, Fucoids, &c. In the Devonian and Carbo¬ 
niferous periods vascular Cryptogams, Ferns, Lycopods, Equisota 
prevailed. In the Triassic and ()olitic periods Gymnospermous plants 
form tt marked feature, also Conifers, Cy.cads, &c., with Tree-fernS 
and traces of Monocotyledonons plants. With the Cretaceous period 
appear Angiospermous plants, beginning with a pnponderance of 
Incomplctm, and passing through Dialypetahe to the more recent 
formations, where Gamopetalous plants prevail. But in all oases, 
though there is evidence of progress, therS is an overlapping of the 
charoctotisticB of one period by those of another. 
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954. One impoHnnt point, however, muBt not be overlooked in 
inquiries relating to this subject; that is, the probability of the co¬ 
existence of diversified local jlorax, as at the prt'seiit day, the' re- 
•mains of which might, from purely systematic considerations, bo 
regarded as of different antiquity. 

In illustration of this, it may be observed that the remains found in the 
European formations iMilonging to the epoch immediately preceding the 
present, offer a general resemblance to the prevailing fonus of existing 
North-American vegetation. 


Sect. 2. Fossil Plants charactkrizino rARxicuLAB 
Geological Formations. 

1. Flora of the Paleeosoic Strata. 

A. Lower and middle Faleeoiolc, or Treneltion Period. 

9.55. Comparatively few plants are known in those strata, aud a 
considerable amount of uncertainty exists in reference to the deter¬ 
mination of the fossils. Wliat remnailts remain in the Cambrian, 
Silurian, and Lower Devonian scries are apparently those of marine 
Algaj. In the more recent deposits of this ago. Ferns, Calamites, 
and Conifers are found. 

B. Vnper Palaeozoio, or Carbonlferotu System. 

956. The known floras of this system, remarkable for the pre¬ 
sence of the great coal-beds of Europe, afford a very large number 
of species, in which there is a continued great predominance of the 
' Leafy Cryptogamia (Ferns &e.). 

The principal characteristics revealed here are the absence of 
Dicotyledons, the paucity of Monocotyledons, the predominance of 
the Ferns and allied dasses, and of certain plants of organization 
not met with in existing vegetation, referred by some authors to the 
Class of Gymnosperms, by others, and probably more correctly, to 
the vicinity of Lycopodiaoem &c. Conifers and Cycads begin to 
appear, with Stigmarias, Sigillarias, Lq)idodendron, &c. The general 
.character of this flora is very monotonous, and alike in character 
from the poles to the equator. 

This disappears almost entii^y in the next System. 

C. Parmloa System. 

957j The fossils of tlfese strata afford only fragmentary repre¬ 
sentatives of the Carboniferous flera, most of tiie characteristic genera 
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having disappoarcdi The Orders are much the sapie, but less .nu¬ 
merously represented by species. Silicified coniferous wood, Ferns, 
arid Algae arS found, and dso evidence of the existence of Palms. 

2. Flora of the Meeozoic, or Secondary Strata. 

A. Triasaio, or New Red System. 

958. In the “Variegated Sandstone” strata of this formation, 
comparativoly few si)eeie8 have yet boon observed. The Carboni¬ 
ferous species have (hsappoared; Ferns still predominate, and exhi¬ 
bit peculiar forms; Conifers ( Voitzia, Mnidhufera) arc abundant; 
Cycadcic rare, and a few doubtful Monocotyledons (Tuedtes, Pnlm- 
o.w/rls) occur. In tlie “Keui>or ” Sandstones, with a general analogy 
in the proportion of Orders, except that Conifera) are rare and Cy- 
cadaccas abundant, the genera of Ferns and allied Orders are mostly 
.distinct from those of the A’o.sgesian, or “Variegated” Sandstones. 

B. Liassic System. 

959. The essential chfvractors of this epoch arc the great pre¬ 
dominance of Cycadem, which here appear in several new genera, 
and the existence of Ferns with more highly organized foliage than 
tliat of the genera of older foiinations. Algm, Fungi, Lichen^, Lyco- 
pods, and Conifers also existed at this period. 

O. Oolitic System. 

960. The nature of the strata referable here is very diverse; the 
general character of the fossil vegetation consists in abundance of 
Ferns proper, and of Cyeadeae, especially of those genera (Zamites 
and Otozamites) approaching nearest to existing forms, and <he 
greater frequency of the Conifera;, Brachyphyllum and Thvytes, than 
in the Lias. Algse, Marsileas, Lycopods arc also found. There arc*, 
a large number of known species. 

D. Wealden System. 

961. This formation, remarkable as a freshwater product, has 
afforded comparatively few species of plants, mostly congeneno, 
although siwcifically distinct from those of the lias; but the pro¬ 
portion of the Cycadaceas ta the Ferns is smaller. Equisetum and 
Ckara axe represented. 

E. Cretaoeons Bystdm. 

962. In this formation we are at once struck with the diminu¬ 
tion of Ferns, Equisetacem, an^ allied forms, fhe reduction of 4]ie 
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species of Gymnosilenns, and the appoaranco* of Angiospermous 
Phancrogamia, chiefly dicotyledonous {Jieiida, Myrwa, Sdlix, &e.), 
though traces of Pdms and Grasses have boon .mot with. The 
Oycadaceoe are still numerous; but they and the Conifcne do not 
•more than equal the Dicotyledons. The genus Crnlneria, supposed 
to belong to the last class, is very characteristic of the Chalk forma¬ 
tion. The Ferns and Pquisctace® almost disappear. 

3. Floras of tlie Tertiary System. 

9(53. Tlie floras of this system form a more or less connected 
whole, which is continued in the later strata into existing vegeta¬ 
tion. They are especially distinguished from those of older ejwchs 
by the abundance of Angiospermous Pbanerogamia, Dicotyledons, 
and Monocotyledons—above all, Palmacem. Put a sort of tnmsition 
takes place from the Cretaceous period to the Eocene. In this 
system, however, the proportion of Gymnosperms rapidly decreases; 
and the Cycaditcca) disappear from I'lurope, while the Conifers ap¬ 
proach the character of the existing genera of temiKirato regions. 

A, Eocene Flora. 

904* The distinctive characteristics, as compared witli other 
epochs, arc the presence, though rare, of Palmaccm, the comparative 
abundance of Algrn and marine Monocotyledons (Canlirdtes, Znste- 
rites, &c.), and the existence in Europe of numerous now exotic 
forms, especially represented by the fossil fniits of the Isle of 
Shoppey, the Barton Bed in tho Isle of Wight, &c. Though less 
rich than the Miocene, these formations include a large number of 
species of an Australian or Indo-Asiatic tyi)e. Leguminosm of the 
suborder Ginsalpinietn occur. 

B. Miocene Flora. 

965. A very rich flora. No less than 900 species (?) have been 
detected in one locality in Switzerland by Heer. Tho Australo- 
Indian forms give place to jdants of an American type, resembling 
tke existing vegetation of the United States, Mexico, and Japan. 
One of the most striking features is tho abundance of Polmacc^ae, 
together with Monopetalous Dicotyledons, especially a supposed llu- 
hiaceous genus, Sidnkauera. Tho list'Of fossils contains dso a Bam- 
hasci, Laurace®, CombretaecsB, Ixigiiminosm, Apocynaeem, belonging 
to ’wapn climates, with, many Amentaceous trees, Aceraoetn, Pro- 
teaoesE, and other plants now belonging to temperate regions. Nu¬ 
merous vegetable remains deenr in beds of this formation at Bovey 
^EWey, Devonshire, and in the Isle* of Wight 
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C. Floiocene Flora. 

IHD iiicotj’lcdoiis prodominato, aud arc most varied, as in 
existing vegetation; the Monocotyledons are rare; and the Palmacoic 
of the pr(‘ceding epochs are wanting. The general analogy of the 
flora is with those of the temjierato regions of Europe, North Ame ■ 
riea, and Japan at the present day. .\ecording to the dotertnina^ 
tions made by palaeontologists, many existing genera are repre- 
semted, such as Ta.ro(lluM, Salishnrln, Cyperacea), Comjitonia, Thy- 
inehicoaj, Santalacoic, Litjiildmnixir, Ifpmi, llMvia, Gleilitxchiii, Bau- 
hinin, Cnm^t, Aeucin, Jlhim, Jiighns, Ocmiothm, Celasfnix, fia^nndtis, 
Lirimlendron, Capiinnx, tShfiiv.i'i/lon, ArJirax, Si/mploeos, (lomaccaj, 
Myrtaceac, l*omaceie, Tihacesr, llagnoliacea;, &o. This list includes 
especially niod(‘rn North-American genera, which existed at that 
time in Europe (§ ‘J54). Quennis Acer &c. a 2 )pcared then as now. 

D. Flolstoceno Deposits. 

907. The glacial drift and the diluvial deposits belonging to this 
group iifibrd hardly any recognixablo vegetable remains, beyond 
fragments of fossil wood of (Joniforo!, met with occasionally in con¬ 
nexion with the bones of extinct Mammalia, and in a few lignite 
beds. 

The flora of tho gkcial period still exists in Alpine district. 

4. Floras of Eurltf Formations of tlie Present Geoloylcal Period. 

908. Tho formations referable to this group consist chiefly of 
freshwater calcareous deposits (tufa), the older jicat-bogs, and forests 
now buried or submerged beneath the sea. 

909. The remains existing in calcareous tufa have not yet been 
well investigated, partly bi'causo tho beds arc not greatly developed 
in most oountrics, and partly because they usually contain only casts, 
of vegetable structure, produced through incrustation. As far as ‘ 
wo know, tho plants arc similar to those of the existing floras of tho 
rogions, T^dth a few exceptions. 

970. Tho old peat-bogs, especially of Northern Europe, often 
contain vast quantities of recognizable vegetable remains, belonging 
to species no longer growing in the same siwts, but found fu^er 
south, as remains of Conjliis, J’lnus Pkea, &c. in tho Shetland 
Islands, of Oaks, Maples, limes. Ash, &o. in Sweden, beyond tho 
present limits of those plants. 

971. Eomains of forests formed of atiU existing specie^ occiur in 
many parts of Europe, enclosed in diluvial Tbeds. Tho city of Efeslau 
stands on tho site of an ancient forest, whence the trunks of Quereus 
pedunevdata are dug out; the,some is tho case with the city*iif 
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Bamberg, where the trunks of trees of great Character have been 
found in excavaiions for railways &c. Similar trunks of Oak are 
occasionally dug out of the diluvial bods in England, as* in the upper 
part of the valley of the Medway. 

. 972. Submarine forests are known to exist off many points of 
the British coast and the west coast of Eraneo; wood obtained from 
a largo submerged bed off the coast of Pembrokeshire is foimd to 
consist of Oak and Alder, and the wood of Piiivu xiflvestris •, the 
Oak, Elm, Hazel, Walnut, &c. are found in the British Channel. 

These facts, together with the analogous but more complete evi¬ 
dence derived from animal remains, show a gradual transition from 
the Tertiary to the present geological epoch. 
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AMc, ms. 

Abies, Timmef. 404. 
Ahiktink.*, i04. 
Atiobbkaj, 280. 
Abt'oma, Jaeq. 225. 
Abms, i. 2 .t8. 

Acacia, WiM. 250. 
Acaly])ha, L. .‘147. 
Acanthack.®, 320. 
Aeoiithadiuni, />«/. 320. 
Acnritlnis, L, .320. 

•Acer, i. 2;i4. 

A CEB A, 211. 
>Ackback>w, 2.34. 
Achillea, Keek. 208. 
Achimonca, P. Hr. 3.‘}l. 
Achlya, Keen, 4-37. 
Achyranthoa, L. 3.38. 
Aconituni,lbw;vB/. 108. 
Acorns, L. 370. 
Acbamphiubya, 103. 
Aobobbya, 102. 
Aerochisma, IIooh.fi. 
42.3. 

Acboobns, 10.3. 
AcTostichum, L. 416. 
Actrea, L. 108. 
Actinocarpus, R, Hr. 
393. 

Adansonia, L. 224. 
Adenanthero, L. 250. 
Adhatoda, Nees, 320. 
Adiantum, L. 416. 
Adonis, DC. 108. 
Adoxa, L. 200. ' 
-«k:hmeB,D.^-J’..301. 


yTlcidium, Gmd. 452. 
-'Koickbace;®, .311. 
ACffle, Com 230. 
j hlgniiodium, L. 288. 
Aeridos, lAtur. .'582. 
Akboi'HYTA, 441. 
ACschvniuithns, Jack, 
331: 

AilNcnlus, L. 2.‘5:1. 
yEthusa, L. 288. 
Afrieait Henqt, .377. 
Ampaiithus, Hirii. 
375. 

.Ac IB1CACKA3, 448. 
AoabtciEa3, 445). 
Aparicus. L. 440. 
Apratlidtos, Dow, 316. 
Agave, L. .‘588. 
Agitistis, L. ;i07. 
Ailaiithua, Ihvf. 247. 
Aizooii, L. 27.5. 

Ajuga, L. .327. 
Akii'ifSy. 

Alanglvck®, 208. 
Alangiuin, Z. 208. 
Alchemilla, Touriu-f. 
202 . 

AJilcr, ,3.56. 

AldroYandB,d/i»j<8,218. 
Aletris, Z. .380. 
Alcuritasi Fomt. 372. 
Alc.vander», 289. 

ALCiE, 428. 

Alqaroba, 268. 

Alisma, Ju«». 303. 
Alismacbhs, 303. • 


.iVlTSMEJK, .39.3. 
AUiion^, .325. 
Allaiiiauda, L, 317. 
Allium, Z. .376. 
Allosorus, Heriih. 416. 
Allspice, 204. 

Almond, 26.3. 

Aluua, Z. 3.56. 

Aloe, Touniif. .‘576. 
Aloe.s, ,370. 

Aloee-teood, 2.59, .346. 
Alepecurus, Z. ;597. 
Alpiiiia, Z. .‘586. 

Alsine, Wtihhadt. 222. 
Ai.siNBAi, 222. 
Alsudnia, Thomrs, 210. 
Alsopliila, R. Hr. 416. 
-Alstramieria, Z. .388. 
ALSTUaSMBBIEiG, 388. 
Althiua, Z. 224. 
Altingiba?, 286. 
Alum-root, 242. 
Alyssutn, Z. 214 
Amadou, 461. 
Amabantacb.®, 338. 
Amaratitlm, .3.38. 
Amamntns, Z. 3.38. 
Amabyllbas, 388. 
*AMABYI.Ln)ACBA3, ,388. 
AmarylUds, 5188. , 

Ainaryllis, Z. .388. 
Ambrosinia. Z. .371. 
Amertcatt A he, .380« 
Amherstia, Wml.,2^. 
Ammannia, Homt. 271. 
Auuui, Hcntmef. 288. 
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Ammmtiaeim, 2S9. 
Amomum, Z. •‘!8o. 
Ami*iiihhya, 10.3. 
Amygdadea!, 2G1. 
.iMYHTDArK.®, 26.3. 
Am3rri8, L. 263. 
ANACABDIAOKili, 262. 
Anacyolus, Pm. 2518. 
Anoj^llis, Tmvmvf. .310. 
Anamirta, C'oW<.'20:l. 
AnanasiMi, IjimJl. ilOl. 
Anandria, SSci/eab. 2!)9. 
Auchiuia, Z. .326. 
Aodrata, Ehr. 423. 
Andbasaokas, 42.3. 
Audroiuccla, Z. .304. 
.-Vndropopron, Z. .307. 
Anemone, Haller, 198. 
Ankmonhas, 198. 
Aii{?elica, Ilqffin. 288. 
Anptiica, 28^. 
An}rioptori8,iro^»?.417. 

AX(410SP15BM1A, 106. 

Angiospobas, 410. 
Afif/oitnra bark, 240. 
Aniriiria, Z. 280. 
Anime, 250. 

AnUe, 289. 

AnnuUn, 217, 

Anona, Z. 202. 
Anonackas, 2(^. 
Antennarin, Corila, 453. 
Antennabtba!, 46.3. 
Anthenus, DC. 208. 
Anthietiria, .’lOO. 
Antmocebotba!, 424. 
Anthoxanthnm,Z. 397, 
Antideama, Z. .352. 
Antin-hinum, Z. 3.33. 
Apeiba, Z. 227. 
Apiackje, 280. 

Apium, Hoffm. 288. 
Apocynaceas, 310. 
Apocynum, T<mmef. 
>817. 

Aponogeton, Tkmib. 
304. 

Apostasiacbas, 884. 

Apri^, 263. 
AaiTiFOiJ:ACE‘.s, 313. 


Aqnilaria, Lmn. .346. 
Aqvii.ariaceas, .345. 
Aqnilcgia, Tomnaf. 198. 
Arabia, Z. 141. 

A BACK A3, 370. 

AracIliH, Z. 25.6, 

Aralia, Z. 290. 
Abai.iac’kas, 21X). 
Araucaria, Jim. 404. 
Arhar-ritte, 400. 

Arhre <ht Voyaijeiir, .388. 
Arbntiia, Tonmef .W. 
Arcbangelica, iloffm. 
288. 

Arctium, Lam. 208. 
Arctostaphylos, Admix. 

.m 

Areca, Z. .305. 
Arenaria, Z. 222. 
jVipjmone, T<iitmef.%)%. 
iVnstolochia, Toitmef. 

AniSTOT.OGniACEA8, 

3(i2. 

Arnica, Z, 298. 
•Aboidkje, 370. 
Arraeacha, 241. 
Arrow-runl, .380, 400. 
Arrow-ront, Portland, 
371, ,385. 

Artantlic, Miq. .368. 
Artemisia, L. 208. 
Artiehoke, 300. 
Abtocabi*acea 3, ,351. 
Artoearpus, Z. 351. 
Arum, Z. 370. 

Ariindo, Z. 400. 
Axa/adida, 289. 
Asagriea, Lindl. 378. 
Asariim, Toumef. .302. 
AsclkpiadackJb, 317. 
Asclepias, Z. 318. 

AAt, <k)8. 

Asparagus, Z. 376. 
Asparoffus, 877. 
A^igillus, Mteh. 463. 
Aspenria, Z. 204. 
Aspbodelus, Z. .376. 
Aspidium, ^'arts. 416. 
Aspleninm, Z. 416. 
Amtm Tea, 230. 


Aster, Hert, 208. 

Aider, ,301. 
AsTEBACKAi, 297. 
Asteranriios, Ihxf. 200. 
Astiagalns, Z. 265. 
Astrautia, Toumef. 287. 
Astrolnma, H. B 'r. !105. 
Axm'.nOSI'EBMACEAS, 
341. 

Ataiplex, Z. 3.39. 
Atropa, Z. 323. 
Atbgpacea!, ,32.3. 
Attfdea, H. It. K. .365. 
Attar of Homs, 2ti3. 
Atdirripne, 324, 
.\ubrietia, Adanx. 214. 
Aucuba, 'Jliiinb. 291. 
Aybantiaceas, 239. 
Auricula, .310. 
ArBICPDABlKA!, 450,. 
Aiixfrtdtmi Tea, 240, 
206. 

Auxtralian Curranlx, 
295, 

Autumn Crocus, .378. 
Ava, .358. 

Avena, Z. .397. 
ATcrrhoa, Z. 241. 
AA’iceimia, Z. ,328. 
Avocado Pear, .341, 
Axooamia, 420. 
Ayer-Ayer, 2.38. 
Azalea, Z. 804. 

Azolla, 411. 

Bmckia, Z. 264. 
liajree, 399. 
Ilalanophora, EWd. 
.‘160. 

Bai.anophobaceas, 

8<i0. 

Ballota, Z. 327. 

Balm, 328. 

Balm of Gilead, 254. 
Balm of Mecca, 264. 
BAlaAMINACEAC, 243. 
Balsamodendron, 
Kimth, 26.3. 

Balsam of Cojtaiba, 259. 
Balsam-of-Gilead Fir, 
406. 
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Balmm of Tern, 250. 
Bitlmm of Tdu, 259." 
Italmms, 24.3, 25.3. 
JUmnhoo, 400. • 
Jtetnbuso, L. .307. 
Hmmui, .‘{87. 
I{aiiist(>Tia, L. 2.37. 
I{ank8ia, L.JU. .’{40. 
Haolmh, 225. 
]{nrbnccmn., Vanrlcllt, 
.381). 

HurhadovH Chemj, 2.37. 
llnrhadof^ Goosehort/, 
284. 

Bark, Je/taits’, 20.5. 
J{nrl(‘ria, L. 320. 
Barit-!/, 300. 
Harnatlestia, L.fil. 209. 
Ilarosnui, Wil/tl. 245. 

J {AllllIKaTOXIACFJB, 

205. 

llartnnia, Simx, 28.3. 
llartramia, Jlt-tlw. 421. 
Bnrtsia, L. .3.33. 
Bar-wood, 2.59. 
l{asella, L. .m 
HASELT.ACKiE, .‘{.30. 
Bfuil, .328. 

1{H88in, IDin. .311. 

Bant, 228. 

Tlntataa, Chois. .320. 
llatiR, P. Br. 340. 
Bay-tree, 341. 
Bdi-Uittm, 254. 
Bean-capers, 245. 
Beans, 257. 

Beaume h cochmi, 254. 
Beech, 366. 

Beef-wood trees, 3.57. 
Beet, 339. 

Begonia, Z. 282. 
UKooNiArks':, 281. 
BeU-fmeers. .‘{02. 
Beilis, i. 21«. 
Bbevisiackje, 2f50. 
Benytd Hemp, 2.58. 
Ben-mds, 2(10._ 
Benthamia, Zindl. 291. 
Beusoin, 208, 313. 
Bcmzoin, Nees, .‘{0.3. 
BEHllKIUUACKiB, 204. 


Berberis, L. 206. 
Berbem/, 205. 

Bere, .3110. 

Beryamot Oranye, 2.39. 
Bergem, Keni. 2.30. 
Bergia, L, 233. 

Beta, Toarnef. .339. 
Betel-mits, .358. 

Betony, .‘{28. 

Betiibi, Z. .355. 
BicTri.AOK.i5, .355. 
BUnri, .340. 

Bblens, Z. 298. • 

Biy, .‘iOO. 

]{ia.\ONAi.E8, .330. 
Biguonia, Z. 3.30. 
Bioxoniace;®, .‘{.30. 
BM, 1!M). 

Bilberry, .327. 
BllliU'diera, Smith, 248. 
l{illbergia, Thunb. 301. 
Biadm-ed, 320. 
Bindireeds, .341. 

Birth, jVM. 

Bird-lime, 313. 
Biiih-trorf, .‘{02. 
BHfer-sirei’t, .324. 
Biftcr-wootl, 247. 

Biya, Z. 217. 

Bixa('K.4{, 217. ■ 
BlarhlH-rnj, 2(i.3. 
BliieWellia, Commers. 
282. 

Blodder-nat, 2.34. 
Bladder-senna, 257. 
Blatlder-tcrack, 4:16. . 
Blosia, Mich, 424. 
Blecliiiuiii, Z. 410. 
Bliyht, 4,33. 

Bllmhiay, 241. 

Blitiiin, Z. .319. 
Blood-root, 210, .‘{89. 
Blnmeubacbia, Schrad. 
28;{. 

Boeagea, St. Hilaire, 

202 . 

Bneconia, Z. 208. 
Boehreeria, Jaeq. ,350, 
Bceiimehieas, .360. . 

Boorhaavia, Z. .337. 
Boy-mosses, 4^2. * 


Boy-myrtie, 356. 

Bois de Colophane, 2,54. 
Boldoa, Jass. 20.3. 
Boletus, Hitt. 449. 
BoMItACFiB, 224. 
Bombax, L. 224. , 
lioNNKTTIAS, 220. 
I{oopi.i, Jass. 207. 
Buraye, 325. 
•Boiiaoecack.®, .325. 
Boriigo, Tmirnef. .325. 
Borossus, Z. .3(i5. 
Bordeaux Ttw/tenUne, 
400. 

Boronia, Smith, 246. 
Boswellia, Roaib. 263. 
Botany-Say Gum, .377. 
Botrycbiuiu, Sioatis, 
417. 

Botrvdina, Brfb. 437. 
Botrydium, Wtdlr. 4S7. 
Botuytackje, 45.3. 
Botrytis, Mich. 463. 
Bottle-brush /deads, 205. 
Beuvurdia, Salisb. 204. 
Bovistn, Hill. 440. 
Botrstriiu/ Ifemjf, 377. 
Bo.ru!Ood, ,‘!40. 
BniAeiiia, Z. 207. 
Bimsica, Z. 214. 

Bray ora, Kwdlr, 2(53. 
Brazil-nut, 205. 
Brazil-worn, 259. 
Bread-fruit, Ml. 
Broeoli, 215. , 

BToniulia, Z. 391. 
Bbomkuacb^, 391. 
Bromns, Z. 307. 
Broom-Hapes, 3.32. 
Braeoa, Miller, 247. 
Bruguiera, Lam. 267. 
limnia, Z. 280. 
Bkuniack^, 280. 
Brvnoniackac, 302. 
Bbyacej®, 420. 
Bryonia, L. 280. 
Bryony, black, 373. 
Bryony, white, 281.. 
IbryopiivUum, Sali^i 
274. ‘ 

Bryopsir, Lamv. 437. 
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Brynm, L. 421. 

Biidda, L. 268. . 
Bitehye, 234. 
Bucklandia, R. Rr. 286, 
Rtuckthorn, 251. 
Jiiifklhom, 345. 
Biwku, 240. 

Butrktcheaf, :337. , 
Bvifhm, 325. 
Biilboeodinra, L. 378. 
Btilriuh, .3<i0. 
Buplourum, Toiimef. 
^68 * 
Burdiick, :m. 
Burgttmhf JHtrh, 40(1 
Buumanstace.e, 384. 
Bursera, Jae<i. 25.3. 
IkfBsisiiArK.E, 253. 
Butehc! ’« Brwim, 377. 
Butomea3, .303. 
Butoniiis, Toumef. 393. 
Butf/'reup, 199. 
Bi(tter-uut, .354. 
Butter-tree., 331. 
Biitfer-wotie, ,335. 
Buxacea3, 349. 

BiixuH,‘ Tounu'f. 349. 
Byrsoniina, Bivh. 2-37. 
Bytlnoria, Lcrffl. 225. 
ByTTNEKrACE.®, 225. 

Cnhbage, 216, 
Cubtmge-palm, .368. 
Cabombacea!, 207. 
(Igboiuba, Z. ^7. 

Cacao heans, 22-5. 
Cactaoe-e, 28.3. 
Cadaba, Forek. 215. 
Ciesalpinia, Z. 255. 
Cassalpinikjk, 255. 
Caffer-hread, 4(K). 
Cminca root, 235. 
Gnjeput-oil, 264. 

Ci^le, Toumef. 214. 
Calabar bean, 2-58. 
Calabash Nulmet/, 202. 
Calabash-tree, 331. 
Caladium, VetU. .370, 
CdhoMiider-toood, 812. 
Calamus, Z. 365. 
Calceolaria, Fiuill. 333. 


Calendula, Feck. 298. 
Calla, Z. 370. 
Callithamuion, Lyngh. 
4:13. 

Cali.itiuciiaceje, 359. 
Callitriche, Z. ,359. 
Calophyllnm, Z. 231, 
Calntbiix, Agh. 439. 
(lalotropis, R. Br. 318, 
Cidtba, Z. 198. 
Calwuba-root, 203. 
Cai.ycanthacejk, 203. 
Calycanthus, LUuU. 203. 
Cnlyccra, Cav. 207. 
CA-LYCEBACEiE, 207. 
('alyoipi,ob.e, 250. 
Calytri.\, Lahill. 260. 
Cairibofria, Z. 2:11. 
Camellia, Z. 229. 
Camellia, 22i). 
Cametxiack.e, 229. 
Camd-thom, 257. 
Camomile, JKX). 
Campanula, Z. :102t 
Campaniiback,®, .302. 
Camphor, 340. 

Camphor, Sunmtran, 
220 . 

Campbora, Fees, .340 
Cam-Kood, 259. 
Canada-balsam, 400. 
Canada-riee, 31H). 
Cauarium, Z. 253. 
Canary Creeper, 244. 
Canary-seed, .3(K). 
CamUe-tree, .331. 
Candollea, Lahill. 200. 
Canbllace.*, 314. 
Canes, .308. 

Canna, Z. .386. 
Cannabiots.®, .361. 
Cannabis, Toumef. .3.51. 
Cannon-ball-tree, 265. 
Canterbury-bells, 303. 
Cantna, Juss. 310. 
Caoutchouc, SfHQ, .317, 
819, .351, 

Caoutchouc-bottle, 348. 
Caper, 210. 

CAppabibacbje, 215. 
Cap^iaris, Z. 215. 


•Capbipobiace.*, 292. 
Caprifolium, Toumef. 

m 

CRpsella,>F«?<. 214. ■ 
Capsicum, Toumef. 323. 
Carambde, 241. 

Corona resin, 2.54. 
Carapa, AfdA. 2.38. 
Caraway, 280. 
Cardamoms, .385. 
Cantiuspermum, Z. 2.33. 
CardooH, .'500. 

Canluus, (roertu. 208. 
Carex, Mieh. 401. 

('arica, L. 277. 

(Vrissa, Z. 317. 
Carlina, Toumef. 298. 
Corlndovica, R. Sf P. 
300. 

Carnation, 223. 

Carohs, 268. 

Carolina l*ink, 316, 
Carpiniis, Z. :164, 
Carrageen, 434. 

Carrot, 280. 
Cartliamus, Toumef. 
300. 

Carum, Koch, 288, 
Carya, Fedt. .‘553. 
Caryocar, Z, 229. 
Cabyciphyli-acea!, 
221 . 

Caryoto, Z. 306. 
CawadUa-bark, .349. 
Casearia, Jacq. 279. 
Cashete-nut, 252. 
Cassava, .349, 

Cassia, Z. 265. 
Cassia-bark, .340. 
Csssjtba, Z. 840. 
Castanea, Geertn. 354. 
Castor-oil, .349. 
Casuarina, Z. 367. 
Casbabinace.®, .357. 
Catalpa, Hoop. 8.‘10. 
Catasctnm, Rich. 382. 
Catechu, 269,296. 
Catha, Ferrsk, 260. 
CathartocorpuB, Pers. 
266. 

Cattleya, lAneU. 382. 
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Caucmlis, L. 288. 
CaidIJtower, 215. 
Cauliuia, WUU. 394. 
CaulonhylluDa Mkhx, 
206. 

Caymui'-pepper, 324. 
Ceaiiothus, L. 251. 
Cedar of Lehamm, 405. 
Cidar-wood, 254. 
Cfdrat, 240. 

Cedrela, L. 238. 
CEi>nEDACE.;E, 2.38. 
Ccdron, 247. 
>CKL.A8TnACEA^, 2.50. 
Oulastrus, Kittdit, 250. 
Celery, 2.S!). 

Celosia, Z. 3iJ8. 
Celteas, 353. 

Coltis, louittef. 353. 
,Conaug:ium, I’r. 452. 
Geiitaurua, Z<m 2i>8. 
Ccmtradenia, Don, 2(>9. 
Coutraiitliiis, DC. 290. 
Centi'olepis, Dtbill. 401. 
Cupliaclis, Sw. 294. 
CopLalantliiis, L. 204. 
Cepkalotaxus, Ztuic. 
40C. 

Cekamieib, 433. 
Ceroiuium, Admix. 433. 
Cerastium, L. 222. 
CeTasus, Jusx. 20>3. 
(iumtonia, L. 2oo. 

Oe B A TOPHYLLACE AS, 
.350. 

CeratopliTlIum, Z. 359. 
Cemtopteiis, Droiiyu, 
417. 

CciiatosicyoB, Nee», 277. 
Ccrbera, Z. 317. 

Cereal grains, 390. 
Ceruus, Itaw. 283. 
Ceroxylou, Zf. ^ B. 
365. 

Ceteracb, Adam. 416. 
Cetraria, Ach. 44. 
CevadUki, 378. 
Chailletia, DC. 251. 

CnAII.DETIACnS.fi, 261. 
ChauiaxloToa, IVxOd. 
305. 
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CnAMiELArCUCEfi, 

265. 

ChauuBrop.s, Z. 365. 
Chiua, Z. ^Ki. 
CnAUACiiAs, 426. 
Chavi(», Miq. 368. 
Chcirautheru, Cun- 
ninyh. 248. 
Clioii'antlius, J2. Br. 
214. 

Ckc-irosteinon, Z. 220. 
Chcliiluniuiu, Tt.iirnef. 
208. 

ClIK-NOPODIACEAS, 3;W. 
Cheuopoiliulu, 
C/ierimoya, 202. 

Cherry. 2(”),3. 

Cherry, Coriielitm, 291. 
C/u-rry-laiirel, 203. 
('hervil, 289. 

Chestnut, 379. 

Chihoii resin, 254. 
Chicory, .‘>01. 

('IiUiiupliila, I'ursh, 304. 
Cliiaionaut:hu..4, Zindl. 

•2m. 

China Aster, .‘101. 
ChiiM-root, .‘574. 
CliioiicuitLus, Z. 30li. 
Chire, 377. 
Clll.fiNACKiE, 229. 
Chlora, Z. 310. 
('m.ouANriiACEfi,357. 
CliliH’iuitlius, Hwarts, 

Chloris, Su-. 397. 
Oliloroxyloii, DC. 238. 
Choeolaie, 225. 
Cliundiiis, Gree. 43.3. 
Choitla, iStaekh. 430. 
Ckoro/.eiiia, LahiU. 2.55. 
CLrvsautheiuum, DC. 
21 ) 8 . 

Chrysanthemum, .301. 
ClIUVSOBAI.ANEfi, 200. 
Clirysobalauus, Z. 261. 
CliTvsopbY'Uum, Z. 311. 
Chy^ocWia, Ch-ev. 43.3. 
Chynio(»,rpU8,i>o»,2^. 
Chytridium,^..B»‘;437. 
Ciccsr, 267. 


Ciclionum, Tournef. 

• 299. 

Cicut’a, Z. 287. 
Ciuclioiui, Z. 294. 
Cinchona, 295. 
CiN(;ii(>.\jeA5, 294. 
Cinerarias, .‘iO]. 
Oiuuauiunium, Bunn. 
340: 

Ciniuiiuoii, 340. 

C'inaua, Toiirnef. 200. 
(Ussampulos, L‘. 203. 
Cissus, Z. 249. 
Cistaceas, 217. 

CistuB, Tournef. 217. 
Citron, 239. 

Citrosiua, R. 4" P. 20.3. 
Citrullus, Keek. 280. 
Citrus, Z. 239. 
Clculiuiu, B.. Br. 401. 
Cladouia, Hoffm. 441. 
Cladusporiuin, Lk. 45.‘>. 
Clarliia, Pursh, 26‘.>. 
Clalhrociystis, Menf. 
437. 

Clathriis, hlieh. 449. 
Clavariu, Z. 4.79. 
CdavakikA';, 4.50. 
(..‘liiylouia, Z. 275, 
Cleariny-nat, 315. 
Clematidka.;,.19S. 
Cluuiatis, Z. 108. . 
Cluumi), DC. 21.5. 
Cdeomeas, 215. 
Clcrudoudi'ou, Z. 328. 
Closterium,.A7fe8c7(,440. 
Clore-uatmeys, 340. 
Clover, 2.57. 

Cion’S, 264. 
Club-Mosses, 412: 
Clusia, Z. 231. 
CLDSlACEfi, 2.30. 
Cluster-j^ne, 405. 
Cluytia, Ad. .347. 
Cuiuus, Vain. 298. 
Cuboea, Cav. 310. 

Coca, 237. 

Co(%oloba, Javfi. ^36. 
Ccxiuulus, DC.f^k 
Cocculus tWtctw^OS. 
CocMneal, 284 
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CocUeoria, L. 214 
Coek'»-eomb, 338. 

Cocoa, 225, 

Cocoa-nut, 30(!, 307. 
Coeoa-nvt oS; 308. 
Cucon-plHm, 202. 

Coeoeg, 371. 

Cocos, L. .303. 

Codiuui, Staclih. 437. 
Coolebogj'nc, jS6h. 047, 
Coffea, L. 204. 
COFFEA?, 204. 

Coffee, 2S)5. 

Coir, 308. 

Coix, i. 307, 

Cols, Hehotl. 220. 
Colcnicuui, Toumef, 
378. 

Colehiettm, 377. 
Cokochiotc, IMh. 437. 
Collenia, Ach. 441. 
Colloiuis, 319. 
Colocasda, Hajf, 370. 
Cohxynth, 281. 

CoUxfotyt., ,300. 
Culumhiue, 100. 
CoLOIELLIACKAS, 307. 
CoMmiJOTACK.TS, 207. 
CoMIlBF.TKJS, 208. 
Co)nbit‘tiiin, JjrfIL 208. 
Coiiimeljna, JMU. 370. 
CoSrMELYKACEA!, 370. 
CoMl’OSITJI!, 207. 
Comptonia, Bankt, 353. 
CokfebvjB, 438. 
C0NFKBV<*11»KS!, 430, 
Couiiun, L. 287. 
'Cokjxtgatje, 430. 
CoNNAHACKa!!, 253. 
Convallaria, Deff. 375. 
CONVOLVl;l.ACEJ!5, .320. 
CoiivoItuIus, L. .320. 
C(^lda, Sonner. 230. 
Copaiba, 2.30. 

Copaifera, L. 255. 
Cop^ 259. 

Copal, Indian, 220. 
Copei^da, Mart. 891. 
Coprogma, Forat. 204 
Cojimtor-md, 368. 
Corallina, Toumef. 433. 


COBAl.LmEBS, 433. 
Coralluuv, 434. - 
Corcliorus, L. 227, 
CorJiii, !’/«>«. .324. 
C0BJ)IACF../Ei, 324. 
Conlyccps, itil. 452. 
Coriander, 280. 
Conaudi-uiu, L. 288. 
Coriwia, 248. 
COKIABIKJE, 248. 
Cork-Oak, 35.). 
COKMOFUYTA, 192. 
CoBXACKAS, 201. 
Conins, Toamif. 201. 
COBOLLIFLOUAS, 202. 
Correa, Umith, 245. 
Corripiola, L. 275. 
Corsirait Moss, 434. 
Corydalis, 1)C. 211. 
Coryliis, X. 1154. 
Cosmariuin, Meiwijh. 
440. 

Costus, L. ,386. 

Voxlus, .300. 
Cidlon-gram, 402. 
Cotlon-plantx, 223. 
Cotyledon, 1>C. 274. 
Coueh-graM, 400. 
Cowhage, 2<)8. 

Coterie Pine, 400. 
Coicalip, .310, 
Ctrw-plaiU, 319. 
Cow-tree, 351, 370. 
Ci-ambc, Toumef. 214, 
Crauherri/, 305. 

Cfotuig-mlx, 241. 
CrasKula, JIaw. 274. 
CBAKSUI.ACEiK, 273. 
CBASSt’LKiB, 2/4. 
Craticgns, L. 202. 
Crattnva, L. 210. 
Cremaie-plant, 246. 
CBEMpSPKBMKiE, 280. 
Cropis, L, 290. 
Crescentia, L. 331. 
CRESCENTIACBJt, 831. 
Cress, 216. 

Critiimum, Toumef. 
288. 

Crocus, Toumef. 390. 
Croaa-jUiwen, ^ 12 . 


Croton, X. 347. 
Crolon-eXl, 340. 
Croteberry, ,340. 
6Vo«(;/bot,"190. 

Civirii Imperial, 377. 
CncciFEiuB, 212. 
Cbyi’Tooamia, 410. 
Cryptomeria, lion, 404. 
CnyiTOXESiiKi*!, 433. 
Ciibeba, Miq. 3tW. 
Cttbebg, 358. 

CHcumbir, 281. 
Cucumis, X. 280. 
Cucui'bita, X. 280. 
Cl’OL’UniTAOEiE, 27it. 
Cudbear, 443. 
Ciiiuiuuni, X. 288. 


Cmntiun, 280. 
Cmuiiugbauiia, J2. lir. 
404. 


Ciinonia, X. 272. 
CUNOXIEAS, 272. 
Cupoiiia, X. 23,3. 
Ciipbea, Jacq. 271. 
CuVttKSSlNK-®, 404. 
Cuiiressus, Toumef. 
404. 


.OtTri,iFF.B.®, 354. 
Curaqoa, 240. 
Curculigo, Otertn. 380. 
Currant (grape), 240. 
Carrauls, 285,205. 
CuHcuta, Toumff. 320. 
Ciutard-aqyple, 2(12. 
Cyatbea, ShnUh, 410. 
CYATHKEiE, 410. . 
Cyatlius, Mall. 440. 
C'ycadaceas, 408. 
Cycas, X. 409. 
Cyclatnen, Tounuf, 310. 
Cyceantheje, 309. 
Cy/danthus, Au. ,309. 
Cynaucbuni, X. 318. 
CynodoBj Rich. .309. 
Cynomoiium, Michel. 
360. 


Cynosurus, X. ,399. 
CYFXBACE.a!, 401. 
Cypenis, X. 401. 
Cyphella, XVics, 450. 
(^preee, 406. 
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Cypremi <fecjy«oj»),406. 
Oyprip«dium, L. 3H2. ^ 
CYR11J.AL'EiK, ul4. 
Cyrtaudi'H, Fotvt. aai. 
Cybtandiikas, 33l 
Cy8topluriB,2^<!r/tA. 410. 
Cystoseira, Ayh. 43o. 
Cyti.na<,'1i*!, 3(i0. 
OytinuB, L. 3(51. 

Uacrvdium, Sol. 4(X5. 
JJiifodil, 38rt._ 
JMihk-trefs, S-jS. 
Dahlia, Cap. 208. 
Dahlia, 301. 

Dam/, 200. 

Dalbur^ia, L, 255. 
Damiuara, Rumph. 405. 
Dammar Piw, 4(X5. 
Dammar Pitch, 220. 
Danuum, 202. 

Daniua, J. Sm. 417. 
DaialeJimi, 301. 
Daphne, L. 344. 

DaI'II N1WIYI.T.ACEJ1S, 
340j 

Divrliii^touia, Torr. 207. 
Darud, 400. 

Darwinia, Radge, 206. 
Date, 307, 3(58. 
Date-flam, 312. 
Datiaea, L. 282. 
Datiscace^., 282. 
Datura, L. 323. 

Daucus, L, 288. 
Deciduous Cypress, -lOO. 
Deleaaciria, JMmr,. 433. 
Dki.kbbki<ik.», 433. 
Delinia, L. 2(X). 
Delphinium, Tountef. 
106.i(r 

l)KMATllA®,*4i>3. 
Deinatium, P. 46.3. 
Dendi'obium, Sibz. 382. 
Deudromecon, 209. 
Deodar, 406. 
Desinare8tia,Xa»M:.43G. 
Dkbmidieas, 440. 
Deamidium, Agh. 440. 
Desvauxiackas, 401. . 
Deutzia, Tlamb, 272. 


Dhoona pstch, 220. 
Diaiuui-pha, Ridt. 274. 
DlAMOIllUIEAi, 274 
Diauthua, L. 222. 
Diavenbiackaj, 310. 
Diatoma, DC. 4^. 
Diatomacbjb, 439. 
D 1 AT 0 MK.E, 440. 
Ihcentra, liorkh. 211. 
D 1 C 0 TYI.KDONK 8 , l‘.(5. 
Dieinnum, Jledw. 421. 
Dictamnua, L. 246. 
Dictyo«e.vs, 10.3.. 

1 )icty(ipteriH,Z««u’.4ii4. 
Dicty uaiphon, C^m\43(5. 
Dictyota, Lanuv, 4:54. 
Diotyotaceaj, 4.34. 
Dlelleubauhia, Schott. 
370. 

Dj(ilytra,211. 

])i(!rvilla, Tournef. 292. 
Diprit^dLs, L. 333. 

Dill, 280. 

Dillopia, L. 200. 
Dii,l,k.\iacea 5, 200. 
Diuu, Lindl. 4()0. 
Diouiea, ElUs, 218. 
Di'jaeurua, L. 373. 
•J.>ii>s(;<)iijBACBAS, 372. 
Dioauia, L. 245. 
Diospyroa, Z. 312. 
Diphaca, lAmr. 200. 
Dipladenia, DC. 317. 
Dipluphraclum, 227. 
Dij'Eoy.voiiK, 288. 
Dn>SACEA5, 20(5. 
Dipsnrua, Tmarttef. 296. 
Didthbach.®, 2^8. 
Dipterocarpua, Gartoi. 
228. 

Diachidia, R. Rr. .319. 
Dittany of Crete, 328. 
Dioi-divi, 260. 

Docks, 337. 

Doddtirs, 321. 
Douo.mae, 2.3.3. 
Dog-banes, 31(5. 
Dog's-tooth, 377. 
Dog-vSlet, 220. 
Dogwood, 291. 
Dombeya^ Can. 226f 


Doi*ema, Doit^ 288. 
JOfinim Pidm, (508. 
Diaciena, Vtmd. .375. 
Dragon’s-blood, 377. 
Dragon’s-nwath, 335. 
Dragon-tree, 377. 
Drapamaldia, Rory, 
4;.!7.. 

Ihimys, R. Rr. 201. 
Druaera, Z. 218. 
Dkomeuacka:, 218. 
Diiui"acka<, 201. 
DiTobalaiiups, Geertn. 

Dry-rot, 461. 
Duekreeed, .371. 

1 luguetia, l^. llil. 202. 
Dulse, 454. 

Dumb-cane, 371. 

1 luriiua, R. <.y Moat. 420. 
Dftrum, 226. 
Durmast-Oak, 355. 
Durra, 300. 

Dutch Myrtle, 356. 
Dgcr’s-broom, 258. 

PJagli'-tcood, 2.j 0, J546. 
EnKNACEAS, 312. 
Rboe-ttut, 258. 

Mom/, 2:58, 312. 
Eubaliuin, Z. C. 'Ricit. 
280. 

Eccremocarpua, R. P. 

.•m 

Eehiuucactua, LinJi 4l' • 

Ott. 2a3. 

Echinopbora, Z. 287. 
Echiiuu, Z. 32.5. 
Eetocarpiis, Lungb. 43(5. 
RMoes, 871. 

Mjg-Apple, 324. 
ElIKETIACKjE, 325. 
El.iEAaNACEA5, 345. 
Elnsagnua, Z. .'546. 
Elteocarpus, Z. 227. 
Eln!odeudron,Jhc2.2.50. 
Elaia, Jact/. 3Q5. 
Elaterium, 280. 
JSbttcrium, 281. • . 
Edatinackai!, 232 
Elatdne, Z. 2^. 
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JEWer, 203. 

JElecanfiuae, 300. 
Skim, 254. 

Kleochariti, JR. Sr. 401. 
J^lihant'n-ears, 2tj2. 

. jhim, 353. 

Elodea, Adam. 302. 
EMPKTRACKiB, 341). 
Empob'um, L. 340. 
Encal)'pta, lledw. 421. 
Eucupnakrtos, Lehm, 

m. 

Endive., 30J. 
Endocarpuu, Uedm. 441. 
Endooesh, 10:1. 
Entadii, L. 250. 
Epacridack.®, ilOo. 
Epacris, Sm. 328. 
Ephfdva, L. 407. 
Epidondruiu, L. .382. 
Epilobimn, L. 2(W. 
Epimediuni, L. 205. 
E)>ipactin, Huthr, :J82. 
EiilUBKTACKA!, 415. 
E(piiiit‘tum, L. 415. 
Eryut Ilf Si/e, 452. 
Erica, L. 304. 
IbiiCAC'EA!, ;{0.3. 
ERICE.X, .‘104. 
EwClNEiB, 304. 
Erioi'avlaceas, 400. 
Eriocaulun, L. 400. 
Eriuguuuin, L. C. Itieh. 
im. 


EacAEUtNiiiAi, 272. 
EacliscUoltzia, Cham. 
208. 

, Eseubeckea, H. B. K. 
24*). 

Euastrum, E3tr. 440. 
Eacalyptua, lUrit. 204. 
Eugenia, Michd. 204. 
Euuotia, IStr. 440. 
Euoiivuiaa, Toumcf, 
250. 

Euphorbia, L. :147. 
•ErpnoaniACKAi, .‘147. 
Euphorhium, 340. 
Euphrasia, L. :l:i3. 
Eurvalu, Salieb. 200. 
Eiitoea, It. Sr. 310. 
Erenini/ I'limroee, 270. 
Enri/rerii Oak, .‘W5. 
Evcniia, ..4c/i. 441. 
Exidia, Fr. 450. 
ExiDlACEBi, 4.50. 
Exooe.xs, 10;!. 
Exogoniuiu, Chim .320. 
Exostonuuo, L. C. llieli. 
204. 

Fagoniu, Tnuriuf. 244. 
Fngnca, T/uuib. 314. 
Fagus, L. ;154. 

Fedia, Mwiieh, 200. 
Fegutulla, Itadd. 425. 
Fciiiu t, 280. 

Feme, 410. 


ttax, 240. 

Ftiu-,Xew~Zealttnd, 377. 
Flea-seed, 308. 
Fliuderria, E. Sr. 2.38. 
FBORiVKAi:, 4.32. 
FLowEKiNe I’eants, 
105. 

Fj.oweiu.ebb Plants, 
410. 

Fndder-grasnee, 39S). 
F(eniculum,.4(/a»«.288. 
Fontmalis, L. 421. 
FouTe I'andif, 280. 
Forbcfda, ElM. .‘180. 
Fiirbidden-friiit, 2:J0. 
Furi/et-iiie-mit, .32.5. 
For.<kolJin, .350. 
FoltHKOULlKA<, 350. 
Fotheigillii, L. f. 280. 
Fothkiiculi.eas, 280. 
Fourcroya, Vrid-. 388. 
Four-o'clock plant, 337. 
Foxijlocr, 3-34. 
brii^ria, L. 202. 
Francoaceas, 273. 
Fi'ankcuia, 220. 

PhtANNlWlACEA;, 220, 

Fraiikiiiceute, 254, 
FraiiktHccniie-pme, 405. 
FllAXlNEAJ, .‘100. 
Friknndla, 240. 
Fraxiaus, Toumcf. .300. 
Frciiiuiitia, Hook. 220 . 
1 '’re}iiontjeas, 220 . 


Fjiophorum, i. 401. Feroniu, Cwr. 2.39. French herrim, 251. 

Eribstenion, Smith, 245. I'crraiia, L. .301. I'V'ycinetia, Gaud. 800. 

Erodium, 242. Ferula, L. 288. Fritillaria, L. :175. 

Erophila, DC. 214. Femiw, 309. Frofi-hit-, 302. 

Eningium, Toitmef. Festuca, L. .307. Frullaoia, Kec», 424. 

287. ' . Feiiilhea, L. 280. Fu.caceas, 434; 

Eri/m/o, 289. Ficoiveaj, 270. Fuchida, Fhtni. 200. 

Erysimum, L. 214. Ficus, Tournef. 351. Fucus, L. 4.35. 

Erysiphe, Hedw. jit. Jfigs, :151. Fumaria, Tmmef. 211. 

452. Fiihcrt, 366. Fitmahiaceas, 210. 

Erythrosa, Um. 316. P'ilices, 416. Fmmtory, 211. 

Ervthrospermum, Xam. FimbriH^lis,-Fu/)l,428. Funoria, JTedtc). 421. 

217. lir-tree», 406. Fimdunji, 300. 

E^YTmoxTLACM, Flacoiurtia, Cwnpi. 217. Fungi, 443. 

297. ‘ Fi'ACouitTiACKiB, 217. Funepu mdUemit, 360. 

Erythrozylon, X. 287. Flag Order, 300., Funkia, %>r. 376. 

iF,8callonia, Mutis, 272. Flagi, 881. Futtic, 253, 35^ 
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Galmardia, Gmidich. 
401. 

Oiilwiyale-root, !{fi5. 

(ialaiitliuH, L, t‘i88, • 
Oalhanum, 2(j0. 

Galipen, AtM. 245, 

(riiliuiu, L. i. 
(fiiiiui-yrtvtH, 

Ottinbeer, 2!I5. 

(I AM< )1‘KTAI..E, 1 !M,2S)2. 
(jarciuiu, L. 2:il. 
(tiirdciiia, EIL 2i>4. 
(fimloii-Naiihtrtimm, 

24 L 

Oiirlir, 577. 

(to flic Pmr, 210. 
liAUHYACH.E, .‘142. 
(Isiulllieria, L. .'120. 

(iM.s.sc)luiiui, Limll. :14C. 
(u'liista, L. 255. 
ficiitinn, 310. 

(leiitiiiuu, L. 310. 
Okxtian’aoh.u, 315. 
(rriitinitelln, .’IKi. 
<{ciiciih’.\, j\’ri‘s, 424. 

► (lEHANJACI'.-E, 241. 
O'eiwiiiiitif 242. 

(ienuiiuni, Ilcrit. 242. 
f/mtum Tinder, 451. 

< leantira, MtiH. .‘>31. 
(1E8NE11ACK.=K, .3.31. 
Gkhn P.ltE.K, :5.31. 
(iILl.IKSIAOK.E, 380. 
Oim/er, 38.3. 
Oinyer-yrtm, 300. 
Oiinmiy, 200. 

(iladiohia, Toiirinf.300. 
OloHi-tcorf, 3.30. 
Glauciiini, Tournef.WO. 
Glaux, Toitn^. J^IO. 
GleditHchia, £. 200. 
Glcichfuia, Smith, 417. 
Gt.kiciik.nijsas, 417. 
(Unite Amarantm, 3.38. 
Globiilaria, L. .320. 
Gloxinia, Uerit. 3.31. 
Gj.ruiFi.011.33, .305. 
Glyoeria, J2. lir. 307. 
OlyovTrhizH, X. 265. 
Glypiiosa, 228. 


Gnaphalinni, Bon, 208. 
.Gnetackje, 407. 
Giuitum, X. 407. 
Ooal's-huartl, .301. 
Oodetia, Sjtach, 200. 
Crold-Umnul, liiO. 
(iimime (TAcajou, 262. 
Goiuplii'ena, X. 338. 
Goiduni, Lnm. 440. 
Goodkniackjk, .302. 
Oooyal, 2.34. 

Oomcbcrry, 28.3. 
Goi-doiiia, Jill. 220. • 
Gohj)0.vik.h, 220. 
Goflayidum, X. 224. 
(iourth, 281. 
a ruins of Paradise, 385. 
*Gbami.nac'E.e, 305. 
Oranadilln, 278. 
drape, 240. 
drape, Seaside, 337. 
drosses, 305. 
drass-clolh, .361. 
drass'4rre, 377. 
dreck Valerian, 320. 
dreen-heart, 341. 

Green Isirer, -OiO. 

Gres illoa, ii. Hr. 340. 
Grewia, Jnss. 227. 
GrilHtlisia,‘.^li'//i. 433. 
Gniuniia, lihrh. 421. 
Gi-cmovin, 7.. 283. 

G itOHST;i.ACE.E, 38.3. 
drmtml-lry, 328. 
duaiacum, 245. 
Guaiociun, Plum. 244 
dnarmia bread, 234. 
Guavea, X. 2;i8. 
dnava, 204. 

Guazniua, IVum. 225. 
dnelder Pose, 203. 
Guullardo, Vent. 204. 
dninmHve, 224. 
dtdf-weed, 4.35. 

(him Acacia, 260. 

Gum Anivoe, 220. 

Gum Arabic, 260. 

Gum Bynimar, 400. 
Gum Brmjon, 258. . 
Gum Lac, 258, 340,^ ^ 
Oummi yutta, 232. 


Guifi Senegal, 269. 
Gum-trees, 206. 
Gunnera, X. 200. 
Gustavia, X. 206. 

Gufta Perdta, 312. 
Guttifeu-js, 230. 
Gymnocarp’ua, 72. £r. 
277. • 

Gyranorlndu8,7^»n.277. 
G'ymnohens, 103. 
Gvmuugraiuma, Bese. 
'410. 

Gym.vospermia, 403. 
Gi jinospok.®, 427. 
GynaudropsisjilG. 210. 
Gyuerium, II.P.K. 400. 
Gyrinopais, Geertn. .‘146. 
Gytiocaiipeje, 208. 
GyTocarpiia, Jacq. 208. 
G vilOSTEAlONEiE, 330. 

Ilicmatoxylon, X. 255. 
Ha^mouokackje, 380. 
llicmodoTum, Sm. 380. 
Hair-bells, 3()3. 
llakpa, S’hrnd. .340. 
llulesia, Bllis, .‘!14. 
llalidrya, Xi/ai/ft. 4‘16. 
]TAi,()iiAOArE.>K, 270. 
llalorapris, Lorst. 270. 
IIasiamki.ackae, 286. 
llAlilAYIKLl.L.V, 280. 
llamauadU, X. 280. 
Jlaucoruia, Gom. 317 
Hand-plant, 227.' 
Hapt.ozyol®, 287. 
Haricots, 257. 
Haicthorn, 203. 

Hazel, .356. 

Heart's-ease, 220. 
Heath, 3a3. 
lledara, X. 2-19, 200. 

IIedycliiuinr®'wi/y/,.‘186. 
lledyotimuiu. Steads, 
iV)7. 

Hedyotis, Lam. 204. 
Ileliampliora, Bentk. 
207. 

.Ileliantliemum, ’Totd^- 
nef, 217. 

Ileliconia, 1. 387. 

. 2k 
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Helicteres, L. S20.< 
Hdi-otrope, S2(l 
Hellebore, White, 378. 
IlEELEBORKiB, 198. 

■ Ilelleborus, Adam. 198. 
lleloBciadiom, Koch, 
288. 

Ilclosis, Kxeh'. 300. 
llelTclIa, L. 460. 
]lELVE]:,I.£iI<!, 460. 
Helwinjria, WUld, 200. 
Helwinoiackje, 342. 
Hemidosmua, IL Br. 
318. 

IIeTni.«temma, Coimmrs. 

200 . 

Ilrniloch, 289. 

Heudock Droptoort,2^, 
Hcmlurk Sptvce, 406. 
Hemp, 351. 

Hemp, A frican, 377. 
Hemp, Indian, .361. 
Hemp, Manilla, 388. 
Henbane, 324. 

Henmili, 271. 
llewlovia, Wall. 273. 
Hepatic.®, 424 &c. 
Ileracleum, L. 288. • 

lleritiera, Ait. 220. 
Hemannia, Z. 220. 
TlEiiiiAEmR®, 226. 
Htirniuidi^ P/»m. 344. 
Hesperia, L. 214. 
Hktebosciade®, 287. 
'Hibbertia, Andr. 200. 
HiniscKAii, 224. 
Hibiscus, L. 224. 
Hkkory, .364. 
Ilieraciuiu, Toitmef. 
209. 

Hierochloe, 399. 
Hillebrandia, 262. 
Himantbulia, Lungb, 
436. 

*Hippocabtane®, 233. 
Uippomane, Z. 347. 
Hippophae, Z. 345. 
^ppuris, Z. 270. 
Hog-gmn, 263. 
Hon-ibnn, 263. 
HoUboellia, WaU. 204. 


HdUy, 31.3. 

Hollyhock, 224. 

Hdm Oak, 366. 
llOMALIACK®, 282. 
Horanliiim, Jarq. 282. 
llonckenya, Ehr. 228. 
Honey-lovtust, 269. 
HoneysncMe, 293. 

Hop, .361. 

Hordeimi, Z. .397. 
Horehmoid, .328. 
Hornbeam, 866, 
Hhnncoii, .3.69. 
Horge-chednut, 2,34 
Horse Radish, 216. 
Horse-m/ar, .313. 
Horse-tails, 415. 
Ifortonitt, Wight, 20.3, 
204. 

HdlenU^sfiy, 277. 
Honseleek, 274. 
Hovoiiia, Tliunb. 261. 
lloya, R. Br. .318, 
IIuMiniACE-®, .‘S.4. 
Hunmlu.s Z. .351. 
Hundred-years' Riant, 
389. 

Hmn I'ine., 400. 

Huiii, Z. .347. 

Hyacinth, ,377. 
Hyacintlma, Z. .375. 
IlValostomina, WuU. 
341. 

IIydekje, 460. ■ 
Hydnocarpus, Gtertn. 
277. 

Hydnum, Z. 460, 
Tlydnmgea, h. 272, 
Tlydrocera, Blum. 243. 
IlYIUMJCH.AlUDACBAa, 
.302. 

Hjdrocharis, Z. .392. 
llydrocotylo, Tomiief. 
287. 

Ilydrodictyon, ItoOi, 
437. 

ijnTraiOPHYELACEJE, 

319. 

llYDKOpimrA, 428. 
IlfdrostacbyB, Pet.-Th. 
.369. 


HvsmifANOiEAs, 449. 
Hvmennngium, Klotseh, 
‘449. 

llYAIENOPnVLLEAE, 

417f 

Hvnienophyllum, Sni. 
‘417. 

Uvoscyamua, Tourmf. 
‘323. 

HTpecoura, ilntmef. 

‘ 211 . 

Htpehicace®, 231. 
Hypericum, Z. 2.32. 
Ilypmim, Z. 421. 
Hvpoehieria, Z. 209. 
Tlypciliena, R. Br. 427. 
H'yi’UXlDACEJE, .’iHS). 
Jlypoxi-s, Z. ,389. 
IJypoxylon, Bull. 4i>2. 
Hyssojms, Z. 827. * 
Hystkuophyta, 192, 
443. 

Tberis, Z. 214. 
ICAI'INAOK.®, 314. 
lecland-Moss, 441. 
Jce-planis, 270. 

Icica, Aubl. 263. 

Ilex, Z. 313. 

Il.TCACE.®, .31.3. 
Il.T.ECMlUACEAB, 275. 
Illecobrum, Geertn. f. 
275. 

lUicinm, Z. 201. 
Illifrera, Bl, 208. 
ImmoHclles, 30], 
Tmpulious, Z. 24.3. 
IxCOMPEKTAi!, 3.30. 
Indian Coped, 229. 
Indian Com, 399. 
Indian Oi;esH, 244. 
Indian Figs, 28,3, 
Indian Shot, 387. 
Indigo, 258. 
ludiuolera, Z, 266. 
Inpra, WiUd. 256. 

Inula, Gtertn. 298. 
lodes, Blnme, 352. 
Ipudu, 237. 

Ipeeacuan, 204. 
Jpeoacuan, black, 294 
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Jpeeacvan, white, 205, 
Ipoma'ii, X. i>20. 
IniiucKA;, JJOO., 

Iris, X. .‘>1)0. 

Jfig/i Aloeit, 4.‘i4.» 
Irun-wood, ;i66. 

Isaria, Hill, 460. 
IsAiiiK^:, 460. 

Tsaiis, 21.>, 
IsojCI'AOEiK, 413. 
laojcTKAi, 412. 

Isoetcs, X. 414.' 
l8(ile]us, It. Hr. 401. 
18011011(11%, IVinht, 311. 
Isllimia, Ayh. 440. 
llahi-ivimd, 258. 

Irani, Vriirtnblc, 308. 
/iV/,‘24!),’21)0. 

7(1//, Grinitid, .‘J28. 
li^ruHcimu, 300. 

Ixia, X. 300. 

1x01%, X. 204. 

Jimd))! Ixiddcr, 320. 
Jidiip, .‘#20. 

Jtuiibusu, Itiimph. 280. 
.lasiijiio, X. .‘tte. 
Jasml\aok?k, .‘107. 
Jasminai.i:k, 307. 
Jnmiiiiir, 307. 
.lasniiuuin, X. .‘507. 
Jateon-liizo, Miere, 203. 
Jntropha, Kth. 347. 
JeH’ersuiiia, Hart. 206. 
Jcnmdtin AtitchoJces, 

m. 

Job's Tears, 400. 
Jonesia, ditwh. 255. 
JudLAXTIACEAi:, 363. 
.luprlans, X. 5)63. 

Jiijuh‘, 261. . 
•ll'NCACEJB, .378. 
.luNCAOiNEAi:, 393. 
Jimcus, 1)C. 378. 
Jungermauuia, IMU. 
424. 

JcNaKBMANIilACEAE, 

423. 

Juniper, 406. 
r Jnutperus, X. 404, 
Justada, X. 820. 


Jtde, 228. 

Kadsura, Juss. 204. 
Kangaroo-yrass, 399. 
Kat, 251. 

Kura, 3.')8. 

Kelp, m. 

Kimnes Oak, 366, 
KidluKiyura, Mart, 220. 
Kim, 258. 

Em, Hatany Hay, 205. 
Kobresiu, IViUd. ^l. 
Koeliuiitcrio, Lam. 283. 
Koht-rabi, 215. 

Kora Kutiy, 390. 
Ktmsso, 203. 

Kranii'ria, La;0. 2510. 
Kuhn, 251. 

Kimajuat, 230. 


Latiiatas, .320. 
LAIlIATiEFT.dlljB, 290. 
Labiiniam, 2,')8. 

Lads, Limll. 55^0. 
1>A(J1STE11ACKA3, 342. 
Lactnca, X. 200. 
Ladamm, 218. 
Ijog^iiiaiia, (S«r. 280. 
Ijii^rcrstroimia, X. 271. 
l>ii(>;etta, J\m. 344. 
jM-mb's Lettuce, 200. 
Laniiiiaria, Laimc. 430. 
Lmniiibi, X. 327. 
Lance-wood, 202. 
Lanyscd, 238. 

Laiisiuiu, Itvmph. 238. 
lAUitiuia, X. 5528. 
Lapaaeria, H. ^ Pav. 
373. 

Larch, 405. 
Lardizalmla, Jtuiz ^ 
Par. 204. 

LAKTIIZA11A1.AC1UB, 

204. 

Larkspur, liK), 

Lairua, Cav. 244. 
LastiiBa,*Pm1, 410. 
Lathraia, X. 3552i 
Latliyras, X. 258. i 
Laubacs 2 B, ^ 0 . 


Laurel, 341. • 

Laurel, Cherry-, 203. 
Laurel, “Qika,” 291. 
Laurel, Portugal, 203. 
Laurel, Spurae-, 844. 
Laurencia, 433. 
Lavuexcuuk, 433. 
Laurustihm, 293. 
Imunis, Toumef. 340. 
Ijavandula, X. 327. 
jMveruler, 328. 

Laver, 45^. 

Ijawsouia, X. 271. 
Ijeatbeda, Gray, 430. 
Lecidea, Ach. 441. 
IjucYraniACEAE, 266. 
Lecythis, Laffi. 205. 
Ledum, X. 304. 
l>eea, X. 249. 

Leek, 377. 
IiKOimiA'OSAii, 264. 
Loiniia, X. 371. 
Lf.mnaceab, 371. 
Lemon, 2559. 
Letnon-grass, 309. 
Lcwon-i>lani, 320. • 
LENTUITTLACJi.^ 336. 
Leidils, 257. 

Leontice, X. 206. 
Leontodon, X. 29iV 
Leopoldinia, Mart, 308. 
lAipidium, R. Hr. 214. 
Lcpidocaryum, Mart, 
391. 

LepidostachyB, Wall, 

■ 340. 

Lcptosiphoii,XenlA..319. 
Leptospeiimisab, 204. 
Lepturus, 397. 

Lettuce, .300. 
L1CHENACE.S, 441. 
LiCHENAIAlig, 441. 
I>ICH*NE8, 441. 
Lignum cdiibrmum, 
316. 

Lignum Rhodium, 264 
Lignum-vites, 246. 
Li|™trum, Toum^. 

LUac, 306. . 

Liliaces, 376. 

2E'2 
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Liliales, 875. 
lalks, 376. 

Lilium, L. 876. 

Lilji of the Fiddn, 389. 
lAiy of Ute Valley, 377. 
Iiimei 230. • 

Lime or Linden, 227. 
LiMNANTHACEiE, 244 
IjiinnantUss, 244. 
Limuocharis, IL B, 

vm. 

Liinosella, L. 3.33. 
Imxackje, 240. 

Liuaria, Tmirnrf. 3.33. 
Liun.Ttt, Gronoc. 292. 
Linseed, 241. 

Liiiiiiu, L. 240. 
liiijiiidaiiibar, L. 286. 
Llynoriee, 267. 
Liriuduudron, L. 201. 
l.issauthe, IL Br. .306. 
Lilehi, 234. 

Lithospenuum, L. 326. 
Litmus, 443. 

LiltoiTilla, L. <308. 
Liver-worts, 426. 

Loa.sa, Adans. 283. 
Loasaceje, 28.3. 
liobtdia, L. .301. 
Ia)Ivei.iacea3, 301. 
Locust-trees, 268. 
iiodoicoa, lAihUl. 306. 
Lugaiiia, It. Br. 314. 
1.0aANlACE.jE, 314. 

‘ Ijoy-wood, 269. 

Loiium, L. 397. 
Loiujun, 234. 

Lomj l^’pper, .358. 
Lonicera, ilcs/l 292. 
Lopezia, C'(«.'.*209. 
Lopbira, Banks, 228. 
LoilANTnACEAI, 342. 
Laranthiia, L 343. 
Lotus, L. 266. 

Lotus, ancient, 237,252. 
Love-lies-bleediny, 338. 
fnicem, 267. 

(luili^ Tuttmef. 280. 
Liitea, WiM. 227. • 

Lupines, 267. 

Lupinus, L. 256. 


Luzulo, DC. 378. 
Lycliuis, L. 222. 
Ijvcopei'don, Tournef. 
‘449. 

LYCOrODIACKAS, 412. 
Lycopodium, L. 412. 
l^ygodiuin, Swartz, 417. 
Lvsimocliia, Mmuih. 
*310. 

Ltthbaceje, 271. 
LythiTiin, L. 271. 

Mace, .342. 

Miuwpiper, Mi<j. .368. 
Macruzumia, Mu/. 409. 
Madiiyasear Poison-utU, 
317. 

Madder, 296. 

Miiguolia, L. 201. 

MAaNOIAACE.*, 200. 

Magnolieje, 201. 
Mayttey-phuds, 389. 
Mahoyuny, 238. 
Mabonio, i\tti<.505. 
Make, .399. 

Malaxis, Swz. >382. 
Malcolmiu, B.. Br. 214. 
Mai.ksukkbiack£, 
278. 

MuBow, 22’3. 

Malopo, L. 224. 
MalpigMa, Plum. 2.37. 
MALP101IIACE.S, 237. 
Malvo, L. 224. ' 
Mai.vace.®, 22.3. 
MAi.VEiE, 224. 

Matmnee apple, 2>3L 
Mamillai-ia, Haw. 288. 
Mattchineel, 349. 
Manchinecl,hastard,3^ 7. 
Mandragora, Tourtu3%h. 
Mtmdrakc, 324. 
Mandioc, 349. 
Mangold-wurzd, 339. 
Mongifera, L. 2-62. 
Mango, 2.3l; 26.3. 
Mawjorteen, 231. 
Mangrove, Wditte, 329. 
Munjproves, 206. 
%ManiUa Hemp, 388. 
Maraui, 221, 267, .300. 


Manna of Mount Sinai, 

221 . 

Maplep, 234. 

Mfiraiita, Pbim. .380. 
Marantach.®, .380. 
Mamttia, Sm. 417. 
Mauattiaceje, 417. 
Maregnuivia, L. 229. 
MAIK.'(mAAA'IK*U, 229. 
!Mai-cluiulia,71fm;('/<. 426. 
MAIlOllAXTIACKiE, 425. 
Marrs-tnil, 270. 
Margosa, 238. 

Marigold, !{00. 
Marjoram, .328. 
Marking-nut, 2.62. 
Marmalade, 240, .312. 
Man'ubiuiu, Z. >327. 
Marsh-mallow, 224. 
Marsilua, Z. 411. ‘ 

Maiisii.kac'ka-i, 411. 
Mai’tynia, Z. !Kt0. 
Marvel of Peru, .337. 
Mastic, 26.3. 

MuU., 31.3. 

Matico, .‘500, t{58. 
Mattbiobi, B. Br. 214. 
Mayackje, .‘{80. 
May-tree, 2(»3. 

Meadmv Saffnm, 378. 
Mocauopsls, 210. 
Mfduola, Grotmv. 374. 
Medic, 267. 

Mediiiilla, Gattdich. 20t>. 
Medlar, 203,312. 
Megacaipeea, 20i), 214. 
Melaleuca, Z. 2(i.‘i. 
Melambo bark, 240. 
Melanipyi-uiu, Z. 33.3. 
Melanurrbua, Wall. 2.62. 
Melaniuiackas, .377. 
Mulanthiuni, Z. 378. 
Melastoma, Z. 209. 
Melastomacb.®, 208. 
Melhania, Forsk. 226. 
Melia, Z. 238. 
Mki.iackas, 2.38. 
Meliautbus, Z. 244. 
Meliea, ,397. 

Moliusma, Fndl. 233. 
MELIOSUEiE, 233. 
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M(?lobesia, Lam.r. 433. ‘ Monocotydedones, Myrrh, 254. 

Mehn, 281. iM>4. MyAsinaceje", 311. 


McJosira, Agh. 449. 
MoDMjpylon, L. 2(i9. 

K. NlSVKnSlACEJB, 2b3. 

jMcniHpenuum, Tonmef. 

Alentlia, L. .‘527. 

L, 28.3. 

Mom’tinthes, L. 310. 
Muniiiriiili.s L- .347. 
Mrrrurg, J-jiiglixli, .339. 

ft. Ji. A'. .30.3. 
Mertonaiii, WHM. 417. 
IMin'uUiis, ,//«//. 4.')0. 

Al KSUMDItYANTnACH-E, 
27(5. 

Alt'acmbrvaiithcmuiu, 

L. 27(5! 


Monodora, Dtm. 202. Myrsine, L. 311. 

Monotropa, Ktdt.. ;)04. Myiitaoens, 203. 

MoNOTitorKas, .304. Mybte^, 2(54. 

Alonsonia, L. 242. Myrtk, 264. 

Alontia, Michel. 275. Myrtua, TeHirnef. 2(54. 

Mooii-«ped, 20.3. AlVxoGAgTiiRAS, 4.19. 

AlorcliuUa, IJill. 460. Myzodendron, Si)l. .34.3. 

MoreUe, 451^^^^^^ 

Moretoii-Wllfj^^^^^ Naiadack-U, 394. 
Alorinda, VniH. 294. Naias, Willd. .‘594. 

AloBiNOACEii.!, 250.. Napoleona, iW. 2(56. 

Morus, I’oiniu'f. .361. NaucissEjK, .388. 

Mom-e, 420. Narcissus, L. 388. 

Mmdd, 445. Niirduo, 411. 

Mould of cheexe, 454. Nartheciuin,J5f(r/<r..378. 

Mountnin Axh, 2(5.3. Nassavia, C'owhhc/x299. 

Mouriiia, Juxx. 2(19. Nasturtium, Jt. Br. 214. 


AU‘tr()sidt.'n)s, 11. Br. 
2(54. 

Ali.'tzjP'ria, Itndd. 424. 
Mi'ZKrcou, 341. 
Alicoiiia, JH'. 200. 
Alicirocolcus, Dcsmas. 
439. 

AIu>i.sia, Lliidl. .‘580. 
Miguomiettii, 21(5. 
Mildvu' of Wheal, 453. 
AlihUm, 44.5. 
Milk-iPortx, 235. 
Milletx, ilOO. 

Mimosa, L. 25(5. , 
AIimose-e, 25(5. '■ 
Alimulus, L. ;533. 
Mint, .327. 

Alirabilis, L. .‘5.37. 
Miatlefoe, 342. 
Miteha-miMu., 241. 
Mark-Orange. 273. 
Modoeca, L. 277. 
AIoi.t.uGiNE.*:, 276. 
Mollujio, L. 276. 
Momordica, L. 280. 
Monimiack-e, 202. 
Moiikey-apple, 2.31. 
Mtmkey-hread, 226. 
Moidiey-pot trees, 2(56. 
Monkshood, 199. 
Monnina, Httis Sr Pav. 
236. 


Mo.t H, .‘JOO. 
MfcmuNK.E, 453. 
Mucor, Mieh. 453. 
AlucoitK.i3, 453. 

. i'ii.dai\ .318. 

Alulciu, Arn. 280. 
JUullierrg, .352. 
Aluliuuni, Pers. 287. 
MMein, 335. 

Mimdia, Kmifh, 236. 
Mvujeeth, 295. 

Alnsa, Tounief. 387. 
Mi;SA<'H.n, .‘587. 
Musou-i, Tountef. .‘576. 
Mushrouin, -loO, 46J. 
Musk-plant, 3:5.5. 
Mustard, 216. 
Mustard-tree, J507. 
Miitisiu, L.Jil. 299. 
Myoponini, Bks. Ijr Sol. 

Alvosotis, L. .325. 
Myrica, L. 356. 
AIVuicaceje, 366. . 
Alyricaria, llesv. 221. 
Myrioueina, (/rev. 4.‘50. 
Al'vriophyllum, Vadl. 
270. •' 

MjTiotrichia, /iarc.436. 
MyristiSa, X. 841. 
AlYBiaTICACTUE, 341’. 
Myrohakm, 2(58. 


Kalehnee, 399. 

Nayicula, Bory, 440. 
Ncctandra, Bottl. 840. 
Nectarine, 2(52. 
Neetn-free, 238. 
Nej^indo, Mmtch. 2:54. 
Nedumbiackab, 207. 
Nelumbiuin, Jass. 207. 
Narnophila, Bartl. 319. 
Nepal Barlty, .‘598. 
Nei'entiiace.®, .3(5:5. 
Nopbcliura, L. 238. 
Norium, L. 317. 

NeroU, 2:59. 

NeMe Order. .360. 
Nettle, Stiugiug, .351. 
Nettle-tree, :553. 
Neurada, L. 202. 
Neubadeje, 2(52. 
New-Jersey Tea, 262. 
Neto-Zealand Has:, .377. 
Nicotiana, Tourmf. .‘523. 
Nidulabie®, 440. 
Nigella, Tonmef. 108. 
Nightshade, 324. 

Nipa, Humph. >309. 
Nitella, Ag. 426. 
Nitraria, A. 2.37. 
Nolana, L. 326. 
Noianack®, 324 
' N<y>al-plamt, 284. 
Norfo&Iskmd Pine,4Q6 
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Nostoc, Vouch. 437. 
JfuUiporea, 434, 
Nupnar, ^nith, 206. 
Nut-ffolls, 366. 

Nfiimeff, 342. 

Nittmegs, Braxilian, 340. 
Nu.v-vomieaj 316. 
Nyctaoinacr®, 337. 
Nfctanthes, Jms. 307. 
N^phna, Neck. 200. 
NraPILSSACEAB, 200. 

Oah-tree», 36.6. 

Oats, 309. 

OcHNACEiB, 247. 
Odontn^lasBum, M, B. 

K m. 

fEocWONIEjE, 438. 
(Tklo«:onium, Ltttk, 437. 
CEnantbe, Lam. 2^. 
(EnotheTa, L. 209. 

Oil of Ben, 260. 

OH of Bergamot, 240. 
OH-jPalms, 808. 
Olacace;b, 314. 
Old-mon'sHirard, 302. 
Olea; Toumef. .306. 
Oleaci&s!, 300. 

OLKiE, 300. 

Oleander, 317. 
Olibanum, 264. 
Oli^meris, Cbmiam. 
210 , 

Olive, .306. 

Plive Seaweeds, 4.36. 
Omphalobium, Geertn. 
2.>3. 

Onaohackb!, 201. 
Oncidium, Swx. .382. 
Oncoba, Forsh. 217. 
Onion, 877. 

OnobrycHs, Toumef. 
266, 

Onygena, P. 440. 
Onyoene;®, 449. 
Opep[Tapha, Fers. 441. 
Opercularia, A. Bich. 
.204. 

Ophjoeaiyoii, Schomb. 
2.33. 

OPH10aLOBBlt.S, 417. 


OphioglosauTO, L. 417. 
Ophrys, Sac. .382. 
Opium Poppy, 210. 
Opoponax, Ktaih, 288. 
Opo/umax, 289. 
Opimtia, Toumef. 28.3. 
Orach, .3.30. 

Orange, 2.30. 

OrchH, 44.3. 

381. 

Orchis, L. .382. 
OrijWnum, L. .327. 
Omithopus, L. 255. 
Omus, Pers. ,30f5. 

► OnOllANOIIArKAE, .332. 
Orobauche, L. .3.32. 
Omontiacea?, 370. 
Oroiitium, L. .370. 
Orris-root, .301. 

Oryza, L. ;k»7. 

Osage Onw/c. .‘1.62. 
OsWIria, L. 200. 
Oscillatoria, Bosf, 4.39, 
OsCILLATOUIACEiK, 
4.30. 

Osiers, .3.50. 

Osmunda, L. 417. 
Osmynde.®, 417. 
0.^trya, Scop. 3.64. 
Osyris. L. 34.3. 

Otto of Boses, 20.3. 
Ou\'iTandra, Thomrs, 
394. 

OXAT.inACKiE, 241. 
Oxalis, L. 241. 

Oxlip, .310, 

Oxvcoccus, Toumef. 

m 

Oyster-bay Pine, 400. 

Padina, Adam. 4.34. 
Pioonia, Tourmf. 198. 
Pasonikjb, 198. 
PaMssandre, 268. 
PaliuTus, Toumef. 261. 
Paemacb.®, .30.6. 
Palraalla, Agh. 437. 
Pdms, ai6, .368. 
Palmyra-wood, 368. 
Paihi)as-gra§s, 400. 


'Pancratium, L. .388. 

, PalVDanack.®, .369. 
Panbane.®, .300. 
PandaiiuB, L. fit. .“lOO. 
Pandoij.na, Ehrenb. 440 
Pangium, Beinw. 277. 
Pangia('ka3, 277. 
Panioe.®, .397. 
Poiiicum, L. 397. 
Pansy, 220. 

Papavor, Ttmmef. 208. 
•Papavkrace.®,’ 208. 
Papaw, 277. 
Papayaceas, 277. 
PapajTola, A old. 210. 
Paper-Mtdbern/, .3.51. 
T'aptt.ionaokjr, 26.6. 
PapATiw, Wind. 401. 
Paraguay Tea, 31.3. 
Pareira brarn, 203, . 
Paiiiktai.ks, 208. 
I'arietaria, Toumef .360. 

I’AUrKTAUIEAS, JlaO. 

I’aris, L. .374. 

Parkoria, Hook. 417. 
Paukeute®, 417. 
Panuclia, Fr. 441. 
I’avraenticra, DC. 3.31. 
PamaBsia, L. 232. 
PaiBnyohia, Juss. 276. 
PAnoNYOinAfE.®, 276. 

I’AUONYCHrEAS, 276. 
Pan-oti a, C. A. Mey. 280. 
Parde.y, 280, 

Parstuip, 289. 
Paspalum, L. 390. 
Passiflora, Juss. 278. 
pA8aiFI/)BACEA3, 278. 
Passion-flowers, 278. 
Ptttchordi, .328. 
Paullinia, L. 2.33. 
Paullowuih, Zuec. 3.33. 
Pavia, Boerh. 2.33. 
Pavonia, Cav. 224, 
Pemit, 202, 

Peach, SierraLeone, 296. 
Pear, 20.3. 

Peas, 267. 
PEBATAAflE.®, ,330. 
Pedia«trum,il/e vcM,440. 
Pedicularis, X. 333. 
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Petrannm, L. 244. 
Pelargonium, Herit, 
242. 

Tellitonj of S/mm, 300. 
Penrea, L. 340. 
Pen.wa('ejb; 
I’enicillium, I/k. 453. 
Petui;f~roj/al, .327. 
Pentapteni, Itoa'b. 208. 
Penthoruiu, h. 274. 
PentHlemon, Hvrit. .‘5.‘W. 
Peueromia, It. &1\ 358. 
Poplis, L. 271. 

Pi‘pper, 3-38. 
Pepprr-<li(ls«, 4.34. 
P(/tj)ennint, 327. 
Prppprit, 247. 

Pereskia, Phtm. 28.3. 
IVriploea, X. 318. 
I’ERISPOIIUJE, 4.>2. 
IWnutnhiwo-irtml, 259. 
Pfrximmoit, .312. 
Pbtaloiuk.is, .372. 
Pkti\T!Uieb3, 3.39. 
Petnuia, .Tumi. .32.3. 
Peucodanuin, L. 288. 
I’lIAClDlK.A?, 452. 
l’ii.'E<)si>onF,.n. 4.30. 
I'lialiT-nopsis, SI. ;W2. 
PirALAIlII>EA3. .397. 
Phalariii, L. .397. 
PlT,U.l.EA3, 449. 

Phallus, X. 449. 
PlTANEUOriAMIA, 195. 
I’liarbitis, Ckois. .320. 
PhoHcum, X. 421. 
Phaaeolus, X. 256. 
Piiii.adet.dhejK, 272. 
Philadelphus, X. 272. 
Puir.ESiAOEJB, 37.3. 
Pliillyrea, Toumef. .300. 
PhilVduaok.i?, 380. 
Phlenm, X. .399. 
Phlomis, X. .327. 

Phlox, X. 319. 

319. 

PhcKuix, X. .30.5. 
Phomium, Pont. 376. 
PhyUca, X. 261. 
Phyllauthua, X. .347. 
Phvllocactus, Link, 283. 


PhyllocladusjX. C.2&A. 
'Plivllofflossnm, Ktmze, 

414. 

Phyllophora, Orw. 381. 
Physalia, X. 32.3. 
Phvtelephas, It. ^ P. 
.‘M58. 

Pliytouma, X. 802. 
PnVroonKNACEiB, .352. 
Phytocrtme, Wall. .352. 
PHyTOLACOACBLlE, 3.39. 
Pinmiha, .308. 

Picrasma, Shime, 247. 
1‘ilua, Lindl. .3.50. 
Piloatylea, OniU. 301. 
I’ilularia, X. 411. 
I’imelea, Sanhi ^ Sol. 
.■144. 

Pimento, 204. 
Hinpiiiella, ItC. 289. 
PlNACK.E, 401. 
Pinc-apjile, 391. 
Pine-tiTen, 404. 

*I)atmnnr, 229. 
Piniruicula, Tom-uef. 
.•i;i6. 

PinU, 221. 

Pinna, X. 404. 

I’iper, X. S0S. 
Pll*E1?A<'E.lS, .3.57. 
Pll'ERITJB, 209. 
Piriqneta, Anbl. 279. 
Piacidia, X. 277. 
I’isojiia, PImn. .337. 
Pistaehio-mU, 2-53. 
I’istneia, X. 2.52. 

Piatia, X. 371. 

Pisinu, X. 255. 
Pitm-thread, 389. 
Pitcairnia, Hint. 391. 
Piteh, 400. 
Pitcher-plants, 303.. 
PlTTOSPORACENS, 248. 
Pittoapomm, 'Soland. 
248. 

PlagiocliA.ama, Zehm, 
425. 

PT.AOI(j8PF.nMI5.®, 280. 
mne, 363. 

Planera, Gmel. 363» • 


Plantaoinace.®, 308. 
PlaJitagq, X. 808. 
Phmtain, 308, 387. 
Platanaceas, 363. 
PlatonuB, X. 353. 

I’laty atemoT), Bii)itk3(t8, 
I’leurandra', Lahill. 200. 
Plocamiqm, Gren. 433. 
Plonaria, Nees, 433. 
Hmn, 202. 

Pl.VMRAOINACEAi, .308. 
Plumbago, Totmief.SlXi. 
Plume-nutmeffs, 341. 

Poa, X. 399. 

I’OACEA!, 397. 
PoDAXINIEAS, 449. 
Podocnrpu8,X’XKr.400. 
Podophyllum, X. 20.5. 
PODOBTKMACEAS, 359. 
Poisem-Plder, 263. 
Poison-mit, 317. 
I^ison-Oak, 253. 
Polanisia, Itaf. 216. 
Polbmonxac'ka;, .319. 
Polemonium, Tmmief. 
.319. 

Ihdyimthtis, 310. • 
PolycarpoT), Lc0. 276. 
Polygala, X. 230. 
Poi.yoAi.ACE.>B, 235. 
PoLYGONACBAS, .330. 
Polygonum, X. 3.30. . 
Poi,Yl*ETAI.Ai, 197. 
l*OT.YPODIEiB, 410. 
Polypodium, X. 410. 
.Poixpoux®, 460. 
Polyporus, Mich. 450. 
PolyBiphonia,(rr<!» 433. 
Polytrichum, X. 421. 
Pome®, 261. 
Pomegranate, 264,271. 
Pumpelmoose, 2.39. 
Pmd-weeds, 304. 
PoNTEDERACK®, 380, 
Poplars, 366. 

P^pg, 210 . 

Popiilna, X. 868. 
Porettpine-wdod, 368. 
Porphyia, Agh. 4M. •• 

' PORPHVRE®, 433.’ 
PoitulBcaiToumaf. 276. 
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Portiteacackab, 276. I’yholeas, .*504. *Rhinantlins, L. 

Potolia, 316. ‘ l*j'ras, 2(52. .llliipsalis, 283. 

Potainofreton, L. 394. . IliiizonoT.KiK, 22!). 

Potato, 324. ■ Qualca, AM. 207. RhizoAens, 19:1. ‘ 

Potato Pimi/UM, 454. Qiimu/a/iff-nat, :144. RhizqpJ^ora, Lam. 207. 

Poteutilla, L. 202. Quassia, 247. RHrzoi'iiORACK.n, 200. 

PoTENTiLT.!*,®, 202. (J,tia.ssiii, L. 247. Rhodoiiendke.e, :1(V4. 

Potcrium, L. 202. Quercitron, tVifi. llhoilodcndron, £..‘504. 

Pothos, £. 370. (Juci-cus, £. .354. Rluxlulfia, (.’/laiitj). 280. 

Prirhltf Ash, 240. Quilluia, Mol. 202. RlioAoiiioln, A</h. 4:5.‘l. 

Prickiy Pear, ^4. Qi'illaije, 202. Rhodomei.kaj, 4.‘1;5. 

Primrose, 310. Quill-ieorfs, 4Ui. IfiroDOSl'HRMKAS, 4.32. 

Primula, £. 310. Quiiias, 240. Jihiiharh, .3.37. 

I Pumiii.AOKAS, :109. Quince, Rims, £. 2.">2. 

Prince's Prathers, ,338. (^uisqnalis, J?«/;iy»/i.208. Rilios, £. 28.5. 

Prinos, L. 313. (iitiMi, 400. RmnsiAfK.K, 285. 

Printzia, Cass. 2!)0. lliccia, Mich. 420. 

I’ri.sinatocanms, Atph. Radiola, DiHeti. 240. IlicciArnj!, 420. 

DC. ;102. Pa,list,, 215. Rice, 3S)9. 

Privet, Radlesio, R.///•. .301. Rice-paper, 2i)0. . 

I’HOcniiiKA?, ,350. RAKFl.Esr.KMC.E, .‘501. Ri<'hiU'(iiii, Kunth, .370. 

l^rosopia, L. 2.'i0. Raisim, 2 59. iiirdiurdsonia, Kunth, 

I’rotea, £. :540. Rainnlina, .4M. 441. 294. 

T’hoteace.*:, >346. Ramhutan, 2.‘54. • Ripiutis, Tonruef. .‘5-17. 

PnoTOPHYTA, 1!)2. Ranipion, ,30.3. Rissiia, .4ru. 2.3!). 

il’nUNEJB, 2(51. •Ranuncui.ace.e, 1!I8. Riviilaria, Roth, 4.39. 

Pruifella, £. 327. RANn(Ci'i.KN!, 197. Roa<l-n-nul, .‘ 508 . 

Prunus, 201. Ranunculus, £. 198. RocaniMe. 377. 

Psidiiim, £. 204. Raplituius,7<jw/<c/'.214. Itix-cclla,/IC.'. 441. 

I’silotum, Sw. 412. Raspberry, 203. Rock Roses, 217. 

Psyekotria, £. 294. Rata, 2(55. Ronmoya, £. 209. 

I’(<!lea, £. 240. Ravcnala, Arlans. .‘587. Roudclcfia, Rl. 294. 

Ptoris, £. 410, RKAi'urrmAJ'H-E, 232. Rosa, Touruef. 

Pterisanthes, Rlum. Retl Ccrlur, 400. . 'iosAi^K-E. 2(i0. 

, 249. Retl Rutile, 3.35. iiosKA!, 201. 

Pleixispoi'a, Nutt. 304. • Reel tiernceeds, 4.‘52. Rose-apples, 204. 
I’liccinia, I’ers. 452. died Snmo, 4:5!). Rosemary, 328. 

TWcoojj, 210. Rcc<?, 400. Wosc*, 28.5. 

Puff-balls, 449, 450. Reindeer Moss, 44.3. Rosnreuul, 258. 

Pulses, 254. Reseda, £. 210. llosiiijE, 202. 

Pimpkin,2f<\. Rrsekack.®, 210. liosmarinus, £. ,327. 

Functoria, Greo. 430. Resin, 400. '.tottlem, Rosrb. .347. 

PtmiM, £. 2(4. Ri.»;TiArEA!, 400. i{oxiurROHiAfKji3,373. 

Purging-tutt, 349. Rostio, £. 400. Royena, £. .312. 

Purple-heart, 259. Resurreetitmplatds,4\li. Riibia, Tomtuf. 294. 

Purslane, 27^, RhamnactevE.. 251. %RrmAr'E.E, 293. 

Putty-rruit, 384. Rbainnus, Juss. 251. lliibus, £. 2)>2. 

Puya, 3.51. Rhapis, L.fil. :M5,5. Riidhcchia, £. 298. 

I’j'cw)phycus,JE?ife.4.35. ^Rhalany, 2'^5. Rue, 240. 

Pyretnrum, Geertn. 298. ” RKcum, £. 330. Rumex, Z. ,‘5.30. 

Pyrola, Tourdef. 304. Ifhdxia, NuU. 209. Ruppia, Z. .394. 
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Ruscus, Tmmef. 37C., 
llufheg, 378. 

Jtifstn, 4M. • , 

Riita, 246. 

JiuTAcic.®, 24S.’ 

Ki/t-, HS«J. 

Jti/K, Urgnt of, 452. 
Itge-gnm, 309. 

Sohadida, 378. 

Siibiil, Adam.iWi. 
Sauiack.u, 204, 2>)3. 
SacphiiTum, 3it0. 
Hiijflotror, ;! 00 . 

SiiffruH, 3iH. 
fshigapeiiiim, 2S{>. 

Hat/o, 328. 

^Bg:ina, L. 222. 
4^agitttiria, X. !i03. 

Srtgo Ptdmx, 3li(>. 
Sor/o-plititU, 400. 

Siiffiis, (tforfii. .'{06. 
Saiid/oiii, 2-'57. 

Halep, 384. 

SAMCArn.-E, iVjd. 
SBlii'oniiii, Tom-ii. !W0. 
Sali.sbiinH, <V«i. 400. 
Salix, 7.. .‘i"><). 

Hallotrs, .3ot$. 
Siiluinoiiia, Lour. 23(>. 
Salpi^lossis, It. <$' 7'. 
:U3. 

Salgnfj/, 301. 

Snlsnla, X. 330. 
HAl.VADOIlArE.*, 307. 
Salvcrtia, W. Kil. 207. 
Salvia, X. 327. 
Salviiiia, JUioh. 411. 
Sambucus, Tourn. 202. 
Samolns, Toitrtuf. SIO. 
fkttnphire, 289. 
SAMVT>ACKiie, 270. 
Sanda/-wood, 343. 
Sandal-tvoml, red, 258. 
Sandarao, 400. 
Sand-yrnsere, 400. 
Sanf^iinario, 210. 
Sanouisobuka!, 201. 
Sanicula, Tmirruf. 2S7. 
Sansuvicnt, Tlainb. 375. 

SA1VTAT.AR1tAi!.'848. 


Santalum, X. 343. 
Sap-yreeu, 251. 
SAriNDACEA!, 233. 
Sai'indkas, 2.33. 
Sapimius, X. 2.'i3. 
iUtpodiUa-jdum, 312. 
Sapouaria, X. 222. 
iSii/mnine, 223. 
Saihitaceas, 311. 
Sapria, Ori^, 301. 
Sai>jioi.konik.«, 438. 

fStymniya-inds, 2GSk 
Sarrocol, 340. 
Sainicolla, Jvth. .340. 
Sareoplivto, Spurm, 

3(i0. 

Sar^ossum, Ihuiyph. 

435. 

Sarraceiiia, X. 207. 
Saiirace.vl,\oeas, 207. 
SnrxajMiri'/n, 374. 
Snrmpiirilhi, wild, 2tX). 
Siissitfi'as, jVw,i, 340. 
Sdxxiifriix, 341. 
Hiifiu-teouil, Ji. 1; 2.38. 
Suuraja, WiUd. 220. 
Saui<ajk.<e, 22J). 
S-mridia, llttro. 380. 
SAfUCRACEAfl, .358, 
Saurnnis, X. .350. 
Sau.«sim'a, 7>6'. 208. 
Sauvac.ksiaceao, 220. 
Saoine, 40(>. 

Savon/, .328. 

Sa.vifra<ra, X. 272. 
SAXlFnAGACKAB, 271. 
SAXirUA<JAT.KS, 271. 
'Saxiejiaoeas, 272. 
Saxifrayee, 27.3. 
Seabiosa, Itom. ^ Schult. 
2i>0. 

Scuhiout, 207. 
Snile-ilosees, 423. 
Scanrmony, 320. 
Scapliopjjtalum, Mast. 
225. 

ScKPi^EJB, 340. 
Scheuchxcria, X. 303. . 
ScbinuB, X. 262. 
Schiziea, 4f7.* 
ScH&£E A 417. 


Sebizandra-’X. C. Jtich. 
204. 

ScmZANDBACKAS, 204 
Schizautbiis, Jf, ^ P. 
333. 

Schizope&Ion, Hook. 
214.. 

Scboeniis, X. 401. 
Schotia, Jaeg. 266. 
Schwoinitzia, LU. 304. 
Sdlla, X. 375. 

Seto Tftrpeiftiw, 253. 
Soirpus, X. 401. 
SCLER-ANTirBAS, 276. 
Scleranthus, X. 276. 
Scolupmdriura, Smith 
4ia 

Scorzonora, X. 801. 
Scotch Mr, 404. 

Screw Pines, 309. 
Seropbuloria, Tourtuf. 
333. 

i SCBOPHITT.ABIACKA3, 
323, 332. 

Settdjby Oak, 220. 
Sea~Pvekthom, J?45. 
Sea-Kale, 215. 
Seaweeds, 428. 
Sea-lPraeks, 4.34 
.Socale, X. 3i)9. ' 
Secdiiiim, P. Pr. 280. 
Sbcotium, Kze. 449. 
Socuridoca, X. 230, 
Setlyes, 401. 

Sedum, X. 274 
SELAOmACKAB, 320. 
Sulnfpnalla, >!^m<7.412. 
Semeciirpus, X. 26^. 
Setuen (Jontra, 299. 
SemparviTum, X. 274. 
Senebiora, Fair. 214. 
Senecio, Less. 298. 
Semm, 258. 

Sequoia, 406. 

Scrratul^ I)C. 298. 
Seaamum, X. 830. 
Sesuviun^ X. 276. ■ 
Sotoria, X. 397.* •• 
SeviUe Orange, 239. 
Shaddock", 239. 

Shallot, 377. 

'2x5 
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8h(^oo, 399. 

Shathoola, 399. 

Shea, 312. 

Shurordia, DiU. 294. 
.nhorea, JRoarft. 228. 
Sicyos, L. 28Cf. 

Sida, L. 224. • 

Silau!>, Bess. 288. 
Silene, L, 222. 
SiT.ISNKiB, 222. 
SUk-cottan-trees, 225. 
SUk-teeeds, 4.30. 

SUver Fir, 406. 

Simaba, Auhl. 247. 
Siniaruba, Aubl. 247. 
SlMAJlinSACEJE, 247. 
Sinapia, Tonrnef. 214. 
Shiff/uira-mU, 270. 
Siphocanipylus, Ihhl, 
301. 

SisYmbriiim, Z. 214. 
Sisyrinrhiuin, L. .391. 
iSkinnera, Forri. 209. 
Skwik-rablmffe, 371. 
SmHfithmaimiEi, Sulatid. 
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SMn.AcrEjB, .374. 
Smilax, L, 374. 
Smyrnium, L. 287. 
Snakv-'gourd, 281. 
Snake-nul, 2-34. 
Snake-root, 2.36. 
Snap-dragon, 33.5. 
Snow-berrg, 29.3. 
Snowdrop, 388. 
Snmcdrop-tree, .314. 
Snmc-flake, 388. 
Soap-root, 22.3. 
Soap-worts, 23.3. 
•SoiANACiSB?, 321, 323. 
Solanum, L. 32.3. 
flolidago, L. 298. 
Sollya, lAna. 248. 
Solomon's Seal, .377. 
SbnchuB, L. 299. 
Sonerila, Jto.Tb. 209. 
R^hora, X. 266. 
Soigbiiiii, Pars. 397. 
SorrtJ, .330. 
Souari-ntds, 230. 
Pour-sops, 202. 


Soirihem-wood, 299. 
Si'AmoiFLOB.®, 194, 
.306. 

Sparpanium, X. 309. 
Sparniannia, 228. 
SpeedtrrU, 335. 

S/wlf, .3()0. 

Rpergula, X. 275. 
Spprpdaria, Fers. 27.5. 
Sponnac(K!e, X. 294. 
SphiEria, X. 4.52. 
RpHNsniACE.*, 4.52. 
Ri>iij««ik.t., 452. 
SplioBrocarpus, Mich. 
420. 

Sj'HA5nococrE.>E, 4.33. 
Splitrrococcus, O'rev. 
4.33. 

Sphnerophoron, Purs. 
441. 

Splueroploa, Agh. 4.37. 
SphasTOHtema, Blmn. 

204. . 

SpnAnNACE.E, 442. 
Rpliafjnum, IHllea. 422. 
Spider-tcot^, .379. 
Rpip;«lia, X. 314. 

Spike, oil of, .328. 
Spikenard^ 21K5. 

Spituteh, .%39. 

I^Hnaeh, Feio-Ze-aland, 
270. 

Spinania, Toumef.-339. 
S/tindlc-tree, 261. 
■Rpirtoii, X. 202. 
SpntiErDJE, 2(i2. 

Spirogyia, Link, 4.37. 
Rplaconum, X. 421. 
S^it-Mosses, 423. 
Spondiaa, X. 262. 
Sporo<*amia,'410. 
Spruce Fir, 406. 

Spurge Lemrd, 344. 
Spurred/, 223. 
SquiU‘370. 

Rtaavio, Thumi. 280. 
Rtachys, Benth. {527. 
fiTACKHOTr8IACBfl3.261. 
Rte^aria, Jack, 2.52. 
S^ai^ria, JK/wrp, 409. 
Staubopea, £%r«<.*‘J82. 


Stapnlia, X. 318. 
Staphylca, X. 2-34. 
S.TAPiiYJ*,KACF./H, 234. . 
Sfiir-Ani^, 201. 
Stur-apph, 312. 
Slar-woH, .369. 

Starch, .308. 

Rtatice, X. 309. 
Stauiitonia, DC. 204. 
Staresacre, 199. 
Rtt‘llaria,.X. 222. ' ■ 
SrRT.l.ATiE, 294. 
StPiiioiiitis, (lied. 449; 
Stpidianoaphnera, Colm, 

440. 

Rlerculia, X. 220. 
RTEncri,iArn.«, 220. 
.STEROri.IK.E, 220. 
Stprpocaulon, Sehreb. 

441. 

Rlirta, Sehreb. 441. 

St. Ignatius's limn, .316. 
STIliAOINACK.K, 362. 
Rtibifro, X. !.552. 
SfmgNUMietfle, .351. 
Stipa, i. .‘5!)7. 

Sf. Jihu's-teort, 231. 
Slock, 215. 

Stone-crop, 274. 
Stone-ftme, 406. 

Slorn.r, gum, .313. 
Storax, liquid, 28(5. 
Strnsburg Turjjentine, 
400. 

Strutiotes, X. .392. 
Strnicljerrg, 20.3. 
Strelitzia, Banks, .387. 
Rircptocarpus, Lindl. 
.3.31. 

Stringg-barks, 206. 
Slryclinoa, 1. 314. 
St^.ipiackar, .302. 
Rtylidium, Sw. .302. 
Styracaok.®, .31.3. 
Rtyrax, Tourtief. 313. 
Ru'bularia, Adims. 214. 
Succorg, 300. 
Sugar-cane, .399. 
Sunuich, 263. 

Sim-detcs, 218. 
Suiirflouxr, 300. 
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Sim-Aemp, 224 
Surinam :\fcillnr, 812.* 
StPiimp I'ine, 4(i6. 
Swnrt/.ia, WiliiL SSS. 
Stveet-Uvf, :Jp>. 

I'duto, 321. 
Sirert-m/i, 2 () 2 . 

Sicret Venial Grans, 

. :«)!». 

t^reet Violet, 22f). 

Sinift IVillitnu, 223. 
Swieteniii, Z/.’2."SH. 
Sj/eamorr-fi;/, 352. 
8ymphorii;oi’pii3, Dill. 
2i)2. 

Syitipliyhini, L. .32.5. 
Sy.nspokj'I/B, 4'i!). 
S;\iiMp:a, L. .‘>(Xi. 
.Spriuyu, 2"3. 

Tahmheer, 400. 
Tubcrnu'iinmlima, 
IHum. .317. 
Taenmnhucu, 231. 
Tnjietca, Toiinief 20S. 
'ralinuiii, Ailiins. 275. 
Tiiltow-frec, 231. 
1’amaiiica('k.«, 220. 
Tamarind, 208. 
Tamariiul-plum, 208. 
Tiiuiarindus, X. 250. 
Tamarisk, 220. 
Tamarix, 221. 

Tanma, X. 373. 
Tanjiliinia, Thmars, 
317. 

Tamjle, 430. 

Taonia, J. Ai/h. 434. 
Tapioca, 340. 
rtf/-«,371. , 
TaraxoRuith Jufs. 299. 
Tarratjaa, 290. 
Tosmaunia, R. Br, 201. 
TAXACEiB, 400. 
Taxodium, X. C. Bich. 
404. 

Taxua, X. 400. 

Tea, 230. 

Tea, Cape of Good 
Hope, 30b. 

Tea, Faraguap, 813. 


Teak, .320. 

Teazel, 290. 

Tocoma, Jtm. 330. 
Tectona, X. 828. 

Tef, .390. 

Telfairia, XTook. 280. 
TnUUDl.NTnAOKAj, 252. 
Teminalia, X. 208. 
TEItMLVAT.IEiK, 2ll8. 
Temstnt'mia,Jl/ffW.229. 

TE l(XSTJt(KaltACEA3, 

229. 

TEBXdTllffiMlEAE, 22J». 
T<!tiUa, DC. 273. 
Tetracera_, X. 200. 
Tolrujwnia, X. 270. 
Tetraiiiflos, Jl. Br. 282. 
Totranthoro, Jan/. 310. 
Tcti-apatluc.a, JtV. 278. 
Tetiuphis, Unite. 421. 
TotraRporn, Dee. -137. 
Teiiorium, X. 327. 
'i'llAT.AMlPLOUJE, 197. 
Thrfictium, Touraef. 
198. 

Thatjajoamia, 414. 
THAi.t.oanx.s, 427. 
Tiiai.i.oi>hyta, 192, 
427. , 

Thaiiinochoitus, Berg, 
400. 

Tliaptaa, X. 288. 

Thca, X. 2;i0. 
Theobroma, X. 226. 
Tliomihrasto, Jtm. 311, 
Tbcsiimi, X. 343. 
Thisinia, Griff. 384. 
ThisOes, 301. 

TliloHpi, DUl. 214. 
Thoru-ap/de, 324. 
mift, 309. 

Thuja, Toumff. 4()4. 
Thunberffia, X. 3^. 
Thyme, .328. 
•THyMF,LA<^KN!, 344. 
ThymuN,‘X. 'i'jl. 
Ticorea, AtM-24l>, 
TifpidRa, Jtm. 390. 
Tilia, X. 227. 
Tn,iACEA5,227. 

'rillfta. tmek 274. 
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Tillaqdsia,*X. 391. 
TmesiptoiiSfilerAiA. 412. 
Toad-^r, ^ 5 . 
Toadstools, 450. 

Tobacco, 334. ^ 

Toeasso, 699. 

Todoa, IVUld. 417. 
Totidma, Buds. 378. 
Tomato, 324 
Tonka-bean, 268. 
Toumefortia, B. Br, 
320. 

Taus-les-mois, .387. 
Tradescantiii, X. 379. 
Tragatmdh, 220, 268. 
Tra^pogon, X. 209. 
Xrapa, X. 209. 

Tree of heaven, 247. 
Trcinandra, R.Br. 230. 
Tkexiandkace.®, 236. 
Treinella, DUl, 4M. 
TltEHET<I.E^, 460. 
Trianosperma, 280. 
Tribulus, Ttmrnef. 244. 
TriceiiiBtes, 1‘resl, 282. 
Trichia, HnU, 440. 
'incboclacluR, Ters. 280. 
Trichucolea, Keas, 424. 
Thicho(»abter;b, 449. 
Tricliomancs, X 417. 
Tiicbostomum, Dedw. 
421. 

Triiulium, X. 266. 
Triglochin, X. 393. 
Trimurn, MiU. 374. 
Tripe de roche, 443. 
Triphada, Lour, 239. 
Tripsacum, 399. 
Triticura, X. .397. ■ 
Triuinfetta, Plttm. 227. 
Trixia, P. JBr, 299. 
Titop.sol.ACEAi, 243. 
Tropteohuu, X. 244 
Trtiffles, 449,451. 
Tmmpet-flmen 330! 
Trmnpel-lily, 371. 
Tuber, Mim, 4^. 
TuBKBKiB, 460. 
Tuberose, 377. 
TuBlFLOBiE, 20b. 
Tulipa, ToumefSTS. 
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Tulip-tree, 201. ■ 

Tupa, G. Dm, 301. 
Turketf-red, 24«. 
Turmeric, 383. 
.TTurnera, Hum. 270. 
TlTlNERACEiB, 278. 
Turnip, 215. 

Turtmtle, 349. 
TurpeiUitie, 406. 
Tussac-graeii, 39!>. 
Tuasilafro, Tonmef.ZiS, 
Tympanis, Tiui. 452. 
Tj-pha, L. 3(i9. 
Typhace^e, 300. 

Udora, JW<. 392. 

ITIpn, L. 253. 
ULMAOEiB, 352. 
Ul.MENS, 353. 
lllmus, L. 353. 

Ulva, Affh. 4.37. 
UMnEI.£lFEBiE, 280. 
Umbilifioria, Iloffm. 
441. 

rxi<Ki.nn.AHES, 438. 
Um* tieuti, 315. 
if pan-tree, 352. 
UlUSDlNEN!, 452. 
UuKNE-E, 224. 

Tlrera, 850. 

UnEBE*, 360. 

ITrtica, Tournef. 350. 
ITktioaoe.*, ->50. 
llateria, WiUd. 314. 
Iltricularia, L. 3.36. 
Uvaria, L. 202. 
Uva-urni, 306. 
Uvaria, L. 378. 

Vaccinien!, .303. 
Vaocinium, L. 304. 
■yalerian, 205. 
Valeriana, Neck. 206. 
VLalemanaceje, 205. 
Valliaueria, Mich. 392. 
Vatmia, 365. 

Vanda, R. Br. 382. 
VSnilla; .SfP. 382. 
FomSfo, 884. 

Vateiia, L. 228. 
yaucheiia, DC. 437. 


VAt'PHEnTENs, 4.38. 
T'et/efahle Imrp, JiOH. 
VegetuMe Marroir, 281. 
Vtilozia, 3turi. ,‘180. 
Yeuiee Turpentine, 480. 
Venue's Hy-irap, 218. 
Veratnim, Tournef. .378. 
Vcrbaseuin, L. 333. 
Vfri)Piia, L. .328. 
VnHBENACEil':, 328. 
■VKlUtENK.E, .328. 
Verr.al-yrim, .‘{iHI, 
Veronica, L. 33.3. 
VejTiiearia. Vers. 441. 
Vermin, 328. 

Virmrt-, 3'.K). 
Vibunmin, L. 2'.)2. 
Vicia, L. 255. 

Victoria, Liiuli. 200. 
Villarsia, Vent. 310. 
Viiusi, L. 317. 
Viiicpfoxicum, Mwueh. 
318. 

Vine 3f{ldew, 45.3. , 
Vines, 240. 

Viola, L. 210. 

. Vl01,ACE.E, 210. 

Viotet, 220. 

Virginia Creeper, 240. 
Virginian Snnke-root, 

m 2 . 

Virola, Auhl. 341. 
Viscum, Timrnef. 343. 
Visniia, Fc//f«,‘232. 
•VlTACEAS, 248. 

Vitex, L. 328. 

Vitis, L. 249. 
VlTlANACEiE, 243. 
Voohysia, .huts. 207. 
V'OCIIYSIACK.*!, 207. 
Voi.vooiNrE.*, 440. 
Volvox, Ltun. 440. 

Wtdl-Jlower, 215. 
Walnut, 364. ■ 
Waltberia, 220. 
Wampee, 240. 

, Wdiree, .300. 
Water-beans, 207. 
Waftr-chestmut, 270. 
Water-crmi, ^16.,j& 


Wnter-hetidoek, 289. 
Water-lilies, 207. 
Wnfer-/>fi>pers, 232.' 
ll'afer-tre/d, .302. 
Wn.r-.Vtpi/e, ,355. 
ircW,2i7. 

AYelwitschia, lIook.f. 
407. 

Wcrmnth, 200. 

7»7(c< .300. _ 

While riift, 45.3. 
Whartle-herry, 305. 
Wig-/>lant, 253. 
AViMenovia, Thunh. 
400. 

WUUnrs, .3.50. 
AA'lXTEllE.E, 201. 
Winter Aronile, 190. 
Winter-green, .30,5. 
Winter s hark, 201. 
Wileh-Jfn:al, 280. 
Wwtd, 215. 

IVoinl-oit, 2.38. 
TrW-&m//,241. 
Woorali, ,315. 
Worm-seed, 3.30. 
Warmtrwnl, 299. 
AVriubtia, R. Br. 317. 
Wych Elm, .‘55.3. 

Xaiitbochyinua, Boxh, 
231. 

Xnntliupliyllum, Ruxb. 

2 :{ 0 . 

Xantlionlwa, Sm. ,376. 
Xantiioxyeaceje, 

240. 

Xaiithnxylon, Kunth, 
240. 

• Xerantbemum, Tournef. 
298. . 

Xylophylla, L. .347. 
Xylopia, L. 202. 
Xyiiidaokas, 370. 
Xyria, L. 379. 

Yams, 372. 

Yeast-plant, 464. 

Yellow RaUle, .336. 
Yellow-root, 100. 
Yellow-wooil, 238. 
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Yetp-tren, 400. 

Yucca, L. :i7r>. 

* » 

Zamia, L. 4f^. 
Ziinuicliellia, Mich. 004. 


ZcB, L. 3!)0. 
Zefirn-wuml, 2o.‘{, 2(W. 
Xcdotin/, .‘{85. 
Ziugibw, Gterfu. .‘JS-'J. 
Zi.\auiKitACE.as, .“{So. 


697 

J^innia, X.*208. 
Zizvplms, Tottriief. 251, 
Zu.itei-a, L. .{04. 
ZvGOI'HYl.T.ACl!N5, 244. 
Zygopbyllam, ^i. :W4.‘" 


GENERAL AND GLOSS ART AL INDEX. 


[Tilt. eTiikindUona of: 

AboNiiil cinbi^o. 1.’*.'{. 
.Vbbrcvi.itory nudcks, 80. 
Abortion, 88, SKI, HI. 
Abnijilly pinnate, 59. 
Absor|)tion, ."lOl. 
Accessory hnds, (iS. 
Accrestsiit calyx, 102. 
Accinubent cotyledons, 
152. 

Arerosc, .54. 

.Aclinnie, 140.’ 

Achicniinn, 140. 
Acbliiinydoous, 90. 

.Acids, organic, .573. 
Acrobiya, 516. 

Acrogens. stems of, 510. 
Aculci, 05. 

Acuminate, 55, 

Acute, .55. 

Adherent, 05. 

Adhesion, 88, 04. 

Adniite anther, 114. 

-stipules, 40. 

Adventitions buds,08,581. 

-roots, 17, 18, 525, 

.5.‘{». 

Atirial roots, 10. 

-system, 512. 

Aerophyta, 10, .Ml. 
Aestivations 72, 08. 

Ago of plants, .549. 
Air-canals, 512. 

Aim, 105. 

Alate. 49. 

Albumen of seeds, 150. 

-nentrale, 1.53. 

-peripherioum, 1.5.3. 

Albuminous (seeds), 151. 
Alburnum, .523. 

Aleurone, 400. 

Alga, morphology of,428. 


tiM'hniral are ^ivon ai 

AIg:n, reproduction of, 
.589. 

Alternate, 40, 
Allemipinnate, 00. 
Altitude, regions of, (‘>45. 
Aiubtir, till. 

Ament um, 70. 

Auiniotic sac, 151. 
Aniphigastria, 423. 
Amphisiirca, 14.5. 
;Vinphitrn|H>ua, 131. 
A)u))Iexicaul, 55. 
Amyloid, 4.80. 

Anatom.v of leaves, 528. 

-of roots, 524. 

-of stems, .515. 

Anatropons, 130. 
Andneeium, 113. 
Androjthore, 97. 
Andr<is]a)i-es, .591. 
Angios|K*rniia, 10. 

—ov\des of, 010. 
Angiusporm, 10. 

-, reproduction ef, 

69.5. 

Angul-ir. 38. 

-divergence, 42. 

Ariisomcrous, 91. 
Anisosiononoos, 117. 
Annual plants, .547. 

-rings of Dicotyle¬ 
dons, .521. 

-stems, 32. 

Annular cells, 484. 

-vessels, .502, 604. 

Anmdus of Ferns, 418. 
Antltpr, 11.3. 

-, faces of, 114. 

-, forms of, 115'. 

-, structure 560. 

Ai(heridi|Ei, 410,653,589. 


t,ti<- iiagcdi referred to-l 

Antberidia of Algas, .589. 
Anthemzoids, .552, .589. 
Aiithocarpous fruits, 140. 
Anthophore, 97. 
Anthracite, 070. 
Ai>etuluus, 90. 

Apex of leaf, .5.5. 
Apocarpous fruits, 137. 

-liistil, 122. 

Apothcoia, 442. 

Anibine, 497. 

Arbor, 39, 

Arbiiscidns, .39. 
Archegoniii, .>3.3,4)98,001. 
Arcuate eiiii)iyo, 1.52. 
Areas of distribution, (‘>37. 
Arillode, 1.50. 

Arilliui, 150. 

Arista, 111. 

Articulate, 38. 
Articulation of leaves, 40. 
Arfiticiid classiiieations, 
181. 

Asceiidiiig, 38. 

-ovule, 129. 

Ascent of sap, 505. 

Asci, 445. 

Aseidia, 03. 

Assimilation, 573. 
Astomous, 422. 

Atropoiis, 130. 

Auriculate, .55, 

Aiitliurity for names, 167- 
Awl-sliaped, 53. 

Awn, 111. 

Axial embryo, 163. 

-roots, 17, 526c 

Axil, 22, 39, • . * 

Axilo placentas, 124. 
Aiill^ buds, 22, 07. 
-inflorescence, 72^ 
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Axillary Btipuleg, 49. * 

Axis, ascending, 21. 

-, hjrpocolyledomuT, 

22 . 

Axogomia, 10,597. 
Axopbjrtu, 10. . 

Bocca, 140. * 

Balnusta, 147. 

Balsams, 577. 
Banynn-tree, 20. 

Bark, .'lOS. 

Basidiospores, 445, 534. 
Basidiiim, 445. 

Basilar slvlfl, 120. 
Bnssorinc, 497. 

Bast, 523. 

Bentlinm and Hooker’s 
System, 194. 

Berry, 14."). 

Biennial plants, 547. 

-stems, 33. 

Bignoniaoeiie, stemsof,521. 
Bilabinte calyx. 102. 

— corolbi, KXl. 
Bilocolar anther, 116. 
Binary flowers, 87. 
BipiniuCtc, no. 
Bipinnatifid, 58. 
Bipinnatipartite, 58. 
Bipinnatisect, 58. 
Bitcmat<j, 60. 

Bbule, 40. 

“Blowing,".569. 

" Bloom” of fruits &o.,.578. 
Botanical geography, 641. 
—^ geologj’, 670. 
paper, 4. 

. - regions, 0.53. 

Bothrenchyma (pitted tis¬ 
sue^, 502, .504. 
BracteOles, 74 
Bract-region, 24. 

Bracts, 40, 72, 74. 
Reties, 62. 

Btroom-rapes, 21. 
Budding, 564. 

BuBs, 66. 

—■,advcntitiou8,68,581. 
■■■ , axillary, 22. 

-1, on roots, 21. 

— — tenbinal, 22. 

—, winter, 70. ■, 
Bud-scales, 69. 

BAlb. 25. 


Bulbils. 20. 

Bundles, d(4!mte, .508. 

-, tlbro-vascular, .506. 

-, progressive, 508. 

- , siiuulbineous, .507. 

-, vascular, of Dico¬ 
tyledons, .507. 

Caducous, 8.3. 

-calyx, 102. 

-corolla, 108. 

Calycifloral, 95. 

Calyx, characters of, 100. 

-, common, Ttl. 

- , lobes of, 101. 

-, throat of, 101. 

——, tube, *.>7,101. 
Calvptra (of Mosses), 421, 
.■rttS. 

Cambium-r^on, 506. 

■ -of Monocotyle¬ 

dons, 518. 

-of Dicotyledons, .520. 

Carapanulate. 101, 10.5. 
Campylotropous, 13}. 
Canaiicuhite, 48. 

Canals for secretions, 514 
Cancellate-nerved, 52, 
Caoutchouc, .578. 
Capillary, 114. 

-action, .565. 

Capitate stigmas, 127. 
Capituhuu, 78, 

Capsule, 143. 

Carbon, assimilation of, 
574 

Carbonate of lime, exore- 
• tion of, 578. 

Carbonic acid, absorption 
of, 571. 

—, evolution of, 672. 
Oarcerulus, 143. 

Cbritui, 105. 

Carpels, 120. 

—- of Gymnosperms, 
128’. 

Carpophore, 97,136. 
Coiyuphyllaceous corolla, 
104. 

Caryopsis^ 143. 

Catkin, 76. 

Qaudex, 3.5. 

Caudicle, 120. 

Caitlidte (=hyp^hrle- 
donary oxis^ z2, 


Catiline leaves, 46. 

Cells of anthers, 115. 

-of ovsricB, 123. • 

Cells, 470. 

-, annirihr, 484. 

— —, circulation in, ,552. 

-, clathrate, 48:1. 

-, colonies of, 499. 

-, conducting, 501. 

-, contents of, 488. 

—.development of, 631. 
—duration of, 549. 

-, dbroiis, 48.3. 

-, form of, 472. 

-, magnitudo of, 476. 

- , nucleus of, 491. 

-, perforated, 482. 

- , pitted, 480. 

- , reticulated, 484. 

-, scalariform, 484. 

- , spiral, 483. 

Cell-division, 531. 

Cell formation, free-, 531, 
534. 

Cell-life, 5,51. 
Cell-membrane, composi¬ 
tion of, 487. 

-, inoloeularstructuro 

of, 478. 

Cell-wall. 477. 

CelluUr envelope, 520, 
.523. 

—— system, 505. 
Celhdose, 485. 

-, detection of, 486. 

Central placentas, 124. 
Centres of diffusion, 637. 
Centrifugal inflorescence, 
75. 

Centripetal inffloresconce, 
75, 

Ceramidium, 431. 
Cernuns, 38. 

Chalaza, 130.. 

Chanicea;, reproduction of, 
596. 

“Cliaraoter8”ofplant8,173. 

- , diagnostic, 171. 

Chemical test, 5. 
Chemistry of vegetation, 

65a 

Chlorophyll,' 492. 
Choriais, 89, 214. 
Cicatrix, 49. 

Cinenchymo, 509. 
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Circinato, 71, • 

Circulation in eolla, 552. 
—>- of nap, .570. 
Circumscisailo dehi^nco, 
lai. 

Cirri, 03. 

Cladodc, .‘JO. 

Clacloplinra, cell-division 
of, iVKl. 

Classes, Tjinnean, 18.3. 
Clnssifimtinn of fruits, 
i:w. 

-, principles of. 1.55. 

-. systems of 181. 

Clalliratc cells,' 48.'!. 

Claw of petals, 1(13. 
Climate, (‘>31. 

Climbing plants, .38,0.30. 
Cloves. 20, f>82. 

Coal, 070. 

‘Coats of ovule, 129. 
Coeei. 13.5. 

Coceidiinn, 4.31. 
Coclileariform, 104. 
Ctennntliiiini, 81. 
Cohesion, 88, 93, 
Coleorliiai, 18, ,52.5. 
Collar of stems, .520. 
Collateral mulli])lication, 
89. 

Collcnchyma, 501. 
Collcneliyma-cells, 501. 
Colloid, 002. 

Colonics of cells, 499. 
Coloured light, action of, 
.571. 

Colouring matter of 
flowers, 498. 

Columella of Mosses, 421. 
Column of Oi-ehids, 123. 
Coma, 149. 

Common calyx, 78. 
Common receptacle. 78. 
Complete flhwor, 88, 90. 
Comtaaind flower, 78. 

-fruits, 145. 

- - - glands, 513. 

-inflorescence, 81. 

-leaf .51, .58. 

- - pistils, 122. 

-stamen. 89. 

-umbel, 77. 

Compressed, 38. 

-calyx, 102. 

rtnnnnvn Tmtal. 104. 


Conceptacles, 433. 434, 
Conco)itacuIum, 14.3. 
Condition of food, ,504. 
Condnplieato, 71. 
Conducting cells, 501. 

-tissue, 530. 

Cone, 76. 

Con fervoids, reproduction 
of .591. 

Confluent fruits, 147. 
Conidia, 154, 5.34. 
Conifenr, reproduction of, 
008. 

-, stems of 519. 

-, woimI of 521. 

Conjiigatiun, .5‘.K). 

-in Fungi, .589. 

Connate loaves. 5,5. 

— — stipules, ,50. 
Connective, 115. 
Connivent sepals, 101. 
Consistent of leaves, 01. 
Cenlael. action, 5.50, .574. 
Oonlents of cells, 488. 
Conlmrteil n'stivation, 99. 
Com olule, 72. 
Coiivolutiven'stivation,99. 
Cordate, .53. 

Coriaceous, 61. 

Cork, .511. 

Conns, 27. 

Cormophyta, 10. 

Corolla, characters of, 103. 
Corollilloml, 95. 

Corona, 107. 

Coronet. 107. 

Corpuscles, germinal, 00.3, 
Oil. 

Corpnscula, 008. 
Corrngab-, 99. 

Cortex of fruits, 1;13. 
Cortieal system, 508. 
Corymb, 70. 

Corymbose cyme, 80. 
Costa’, 51. 

Cotyledons, 15,162. 
Creeping, 38. 

Cremocs^, 146. 
Crenato;'66. 

Created petals, 104. 
Crish^ 104. 

Cruciform corolla, 104.- 
Crude sap, 565. 
Cryptogamin, lOji 

—j(, mdiythology of 153. 


Ory^^togomia, roots of. 

Crystals, 499. 

Caystailoid, 56>3. 

Cubic cells, 474. 

Culm, 3.‘t, 

Ounoate, 5.3. . 
Cup-sliapeil, 101., 

Ciipule, 145. 

Curve<l embryo, 152. 
Cnrvincrvcd, 52. 

Cuseiita, 21. 

(Cuspidate, .55. 

Cuticle, 511. 

Cuttings, 527,583. 

Cycle. 41. 

Cylindrical, 101. 

-cells, 472. 

Cyme, 39, 79. 
Cynarrhodum, 142. 
Cyiwelii, 145. 

Cyslolitlios, 499. 
Cytoblast, 491. 

Dark, plants grown V tin 
672. 

Darwin’s hypothe.sis, 102. 
Dmtli of plants, {j49. 
l)oCimdoilo’8System,192. 
Decidnous, 83. 

-calyx, 102. 

-corolla, 108. 

-leives, 01. • 

Dccliiiato stamens, 118. 
Decomposition of carbonic 
acid, 572. 

DcoomiKwind, 58, 00. 
Decumbent, 38. 
Decurront. 49. 

Dee.urrent leaves, .55. 
Deeussiito, 45. 
Dcdoublcment, 89.- 
Definite inflorescence, 75. 
- vascular bundles, 

508. _ 

Deflnition of plants, 542, 
Deflexed, 30. 

Dofoliation, .521, 629. 
Dehiscenceof anthers,! 17. 

-of fruits, 133. 

Deltoid, .53; 

Dentate, 66. . 

Deposits, secondary,479. 

-, siliceous, 487. 

-tertiary, 485. 
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Dcrivatiro hypotliesia^ 

101 . 

Descent of sap, 570. 
Description of plants,170. 
DoTcIupmcnt, 575. 

-, laws of, .545. 

-of cells, .5:31. 

-oflloral organs, 541. 

■ - of leaf-organs, .540. 

-of oTules. .541, 010. 

-of roots, ,5;Kt. 

-of stamens. 541. 

-of stem, .5:30. 

-of sloinnta. .5.36. 

-of vessels, i>:37. 

-, ))rogressivc, 83. 

-, siinultaneous, 541. 

- , siiocossive, 541. 

Dextrine, 48,5, 406. 
Dextrorse, 100. 
Diadelplious. 119. 
Diagnoses of plants, 176. 
Diagnostic lublcs, 179. 
Diuh'scpaloue, 100. 
Diaiidroua, 117. 
Diatomacent.reprofluction 
of, .590. 

Dichlaui^'cleoiis, 90. 
Dicliogamoiis, <31.5. 
Diclcsiiun, 141. 
Diclinous, 90, 112,615. 
Dicotylcdonos, 10, 14. 

-, rotits of, 526. 

--i sti-iDs of, 519. 

Diilynainous, 118. 
Diimsion, centres of, 637. 

-of fluids, 562,604. 

Digitate, 00. 

Diuted filament, 114. 
Dimerous flowers, 87. 
Dimidiate anther, 116. 
Dimorphism, 61.5. 
Dioecious, 90. 

Diplotegio, 146. 
Direction of seeds, 148. 
Discoid florets, 79. 

Disk, 79, 97. 

Dii^sected leaves, .58. 
Dissepiments, 1% 
Disti^ous, 41. 

Distinct, 93. 
Distribution, geological 
causes of, 639. 
Divaricate, 39. ■ 
Divergent sepals, 101. 


"Diverticula, 611. 

Division of cells, 475. 
Dodder, 21. 

Dorsum of anther, 114. 
Dots of cell-raembrune, 
479. 

Dotted ducts, 504. 
Doubly dentate, .56. 
Doubly s<>rmte, .5(5. 
Drucnjna. stem of, .518. 
Dru|>o, 141. 

Duets dotted or pitted, 

Diiiucs, .‘V4, .30. 

Duriimen, .522. 

Duration of ealyx, 102. 
— of loavi!s, 61. 

-of plants, 547. 

Klaboration of foial, 571. 
Klusticity of t i.s.su<.’8,626. 
Dlutcrs of Ecmisetum, 
415. 

-of Liverworts, 42,5. 

ElcmciiPiry organs. '69. 
Elements, eheniical, 558. 
Elliptical. .53. 
Eiiiargiiuite, ,55, 115. 
Embryo, 15, 131, 148, 
lol. 

-of Cryptoggmia,.507. 

Embryo-celb, formation 
of, 50.S. 

Embryo-sac, 131, 6t)l. 

-, secondtti^, (i08. 

Embryogeny of Angio- 
spermia, tilO. 

- 7 — of Oymnospermia, 
608. 

Emergence, 94. 

Enation, 88. 

Endlidier's System, 192. 
Endocarp, 133. 
Endopleura, 149> 
Endosmose, Ptsl. 
Endosperm, 150, 151. 
Endosperm-cells, forma¬ 
tion of, 5:?7. 
Endostome, ISO.- 
Endothocipm, 530, 
Ensiform, 53. 

Eutite leaves, 51, 55. 

-sopala, 100. 

Epibalj^'t, 98. 

Epioarp, 133. 


l^idermis, .508. 

-, development of,527. 

-pit^. 485. 

Epigone, 424. 

S ’nou.’! 95. 
lytes. 20. 

Equisetaeoiu, morphology 

-, reproduction of, 

.581. 

-, stems of, .516. 

Kcpiitunt, 71. 

Erect. .37. 

-ovule, 129. 

Essential <4mructcrs, 176. 

-oils, 498. 

" organs, SIO. 

-offlowcrs,112. 

Kta'rio. 141. 

Etiolation of plants, 572. 
Evaporation of 11iiicU,5ti6. < 
Evergreen leaves, til. 

-plants, 548. 

Evolution of carbonic 
acid, ,572. 

-of heat, 622. 

-of nitrogen. 572. 

-of oxygen, .571. 

Exalbnminous, 150. 
Exramlric embryo, 153. 
Excrescent. 83. 

Excretion of air, .576. 

-of water, .576. 

Exendospermous, 151. 
Kxostomc, l.'tl). 

Exserted, 118. 

Exstipiilate, 48. 
Extra-axillary, 82. 
Extrorsc, 119. 

Face of anther, 114. 

Fall of the leaf, 529. 
Families of cells, .590. 
Farimuteousciidosporm or 
albumen, 151. 
fVvsciation, 82. 

Fasciculate leaves, 44. 

-roots, 19. 

Fasciculus, 80. 

Faux. 101. 

Fbvellie, 4.3.3,5t)4. 

Felted tissue,' .502, 

Female flowers, 90. 
Fenestrate, 144. 
Fermentation, 574. 
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Ferns, morpliolo/!yor,416. 

-i rciirodiid ioiior,.j!il1. 

-, steins of, filO. 

Fertile flowers! !KI^ 
Ferfiliiaition, jilicnoiucna 
of, CI4. • 

-, cross, (il.'i. 

-, si'lf-, 014. • 

Fertilinition of ovnles, 
(iOT.OOH, 0|;i. 

Fibre, 111111111170,47‘J. 

-, wotxl y, fiOl. 

Kibrillie, I','). • 

Fibrils of i-oots, .')27. 
Fibrose, 4S7._ 

Filiroiis cells, 4ft‘5. 
Fibrous liiyer of Mollo- 
eotylcdoiis, 517. 
Fibrous roots, JU. 
Fibro-Tiiscular bundles, 
fiOO. 

-system, 500. 

FiinmenI, I 'bS. 

Filiform, 11.‘t. 

-tvlls, 470. 

Filiform se){nienls, fiS. 
Fissi|Kiroiis re]ivoiluetion, 
500. 


Fisliilsr stems, 37. 

Fixed oils, 407. 

FIcxuoua 37. 

Flontiiii>. .‘W, 01. 

Floeeose. Oi 
Floral envelopes, 03. 

-organs, striicl.ure of, 

5^.1. 

Florets, 78, 105. 

Flower. (^1. 

Flower-bud, 72. 

Flowers, “douliling” of, 
158. 

-, essential organs of, 

112 . 

-, parts of, 85. 

Fluids, diiTiision of, 5IU. 
——. eva)Kiinlioii of, 50(5. 
Fluitans, ;t8. 

Folded embryo, 152. 
Foliaccous cotviedona, 
152. 

-jiednncle, 82. 

Foliobi, 581- 
•Follicle, 141. 

Food, elaboration of, 571. 
- of plants, 558. 


Foramen, 129. 

Forces, pliysiologiod, 
542. 

Form of cells, 472. 
Formations, floras of,ri 12. 
Fossil flonus, 072. 

-plants, 070. 

Fossils, kinds of, 070. 
Free, 9.5. 

b'rec-ci'll formation, .531, 

WH. 

-central placenta, 1 Uo. 

-fruits, 137. 

-stijiides, 49. ' 

Fruits, elitirae.lers o !l. 

-, cbissineation o 17. 

-, deliisecnec of, . 5. 

-nionollialamic, 138. 

— polytlialaiiiie, 140. 
I'Viitex, .'ly. 

Frutieulus, •‘Ml. 

Fueacea', reproduction of, 
589. 


Qcrminal corpuscles, 0(M1, 
’ OH, 

Geniiinati 
Oibbons, ltl2. 

-Itctals, •' 

Olabreseen', 01.. 
tilabrous. 39, tl2. 

CHaiids, 02, tK', •51>3, 
Olandblar fllaments, 114. 
(ilans, 145. 

CtlelKi, 449. 

Glolioso cynic, 80. 
Globule oftMianiecDB, .590. 
G lomeruliis, 80. 

Glume, 110. 

Glumello, 110. 
Glutinous, 02. 

Gonidia, 1.54. 

Gonopliore. 97. 

Grafting, .585. 

Granidose, 495. 

Growing iioints, 5.38. 
Growth of llieotyledtms, 


Fungi, 443,589. 

-, morphology of, •113. 

—*■, rejiroilnel ion of, 
•.5Ml. 

Funiculus, 129. 148. 
Furfiirmasiiis, 02. 
Furrowed, 38. 

Fiisifonn wlls, 473. 

-root, 18. 


Giilbiihis, 148. 

Galeate, ItMS. 
Gainosopatous. 93, 100. 
t'lUatiiioiiK ciait of cells, 
479. 

Geniiiiatc. •10.. 

Geniiiiie, 581. 

Oeimiial ion, .5.5‘t. 

Genera, names of, 100, 
lfh5. 

-, nature of, 1.59,101. 

tleneiuUon, spontaneous, 

514. 

Goncrio cbuaicter, 170. 
Genus, nature of, 150, 


177. . * 

GcograWiieal botany,042. 
Gcologiud botany, 070. 
-sinfluenccs on distri¬ 
bution, 039. • • 

Geology, botaniml, O“0. 


523. 

Gum, 4!t7. 

-, exudation of, 570. 

Gutta jici'clia, .578. 
Gymnosperinia. 10, 15. 

-, cui'ixils of,128. 

-, enibiyogeiiy of, 008. 

-, ovules of. 01IS. 

-, pollen of, fiOO, 

-, stamens gf, 117. 

(lyninosjKirte, 10. • 
Oynieciitm, 113. 
Gynamlrous, 9.5, 119. 
Gynandrojihopo, 97. 
Gynobasic, 120. > 

Gynophore, 97. 

Habit of idants, .547. 
Habitat, 180. 

Hairs, 510. 

Ilalf-eguitant, 71. 
Hastate, .53. 

Haulm, 34. 

Hcart-wootl, 523. 

Heat of jilants, 022. 
Hepal ieic, morphology of, 
425. 

-, reproduction of,680, 

.597. * ^ 

Hcrhieeous sfems, 32. 
Herbarium, 4. 
TfesTicridlnm. 14.5. 
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leterognny, 545. 
fletoroatyha, (Sift. •. 
ileterotropous, 1^0. 
BCUnm, l.'SO, 149. 

Hirsute, .“li), (1:2. 

Hispid. ft2. 

Hooked embryo, d.52. 
Horizontal bv’olo, 129. 
Horny ondnsperm ’Sr al¬ 
bumen, l.'>i. 
Flumifnsus, 98. 

Humus, 560. 
Hybridization, 617,618. 
Hybrids, 159, 169. 

—.— from grafting, .584, 
.587, 621. 

——, names of, 169. 
Ilydrophybi, 10. 
Hyitocotyledonary axis, 

^pocratcriform, 105. 
Ilypogynous, 94. 

-stsiles. 111. 

Hyateropliyta, 10,413. 

Imbibition, 626. 
Imbricate buds, 70. 

— ii'Stiration, 99. 

-loifres, 44. 

ImbriuativeiestiTation,09. 
Imparipinnate, 50. 
Imperfect flowers, 90,112. 
Impressions of p]ant8,670. 
Inarching, 585. 

Incised, 5(i. 

Included, 118. 
Incomplete, 90,112. 
Inaimbent cotyledons, 
152. 

Indefinite bulbs, 27. 

-inflorescence, 74. 

indupbeate, 71. 
Indusiiim, 419. 

Inferior. 95. 

-fruits, 1.37. 

- ovary, 122. 

Infiated, 102. 

-petioles, 63. 

Inflorescence, 24,72. 

- , extra-axillary, 82. 

Infmtescenoe, 147. 
Infi;n3ibuliform, 101,105. 
Innate ant tier, 114. 
Insertion, 4ft. , 

-of floral organs, 45. 


Integnmonts of ornlc,129. 
Integumentum externum, 
• l:10. 

-internum, 129. 

Intercellular passages, 
512. 

Internal anatomy, 515. 
Iiiternodes. 22. 
Tnterja'tiolar stipules, 50. 
Inicrruptedly |>innate,59. 
Intrapeliolarstipulcs, 50, 
Introrse, 119, 

Inulinc, 490. 

Involiuicl, 74. 

-(Jungormanniaeeic), 

424. 

Involucre, 74. 

-(Jungormanninceic), 

424, 

Involute, 72. 

Iodine test rorstarc1i,49.>. 
Irregular calyx, 101. 

-corolla. 1(15. 

-perianth, 108. 

Irregularity, 95,104. 
Irritability, 02(i. 
Isomernus, 91. 
Iso.stemonou8, 117. 

•Tointed. 38. 

Juga, .59. 

Jussicuan System, 190. 
Keel, 195. 

Kin^om, Vegetable. 194. 
Knots of Jlieotyledons, 
.523. 

Labellum, 109. 

Kabiate. 107. 

Laciniate, .57. 

Ijaounw, 512. 

Izcvis. .39. 

Lamina. 4ft. 

-of leaf, .51. 

-of pebil, 103; 

tjatiate,.39, (12. 
Lanceolate, 53, 

Lateral embryo, 15,3. 

-stylo, 127. . 

Lato^ hlS. 

Latioiferous canals, 514. 
liattiee-nerved, 62, - 
Laws. of development, 
645. 

Layers, 583. 

Ck 


Laying, 583. 

Leaf, 39. 

-, fall of, 629. 

Lciaf-bi)d, ftft. 

Leaflets, 51.58. 
Leaf-region, 24, 31. 

-scale-region, 2.3,2.5. 

-sheath, 48. 

- 1 stalk, 46. 

Leaves, absorption by, 
564. 

-, arrangement of, 39. 

-, development of, 

.540. 

-, forms of, .52. 

-, modiilcation8of.C2. 

-, strncture of. .528. 

-, v«'in8 of, .529. 

Lcgniiic, 141. 

Lepidotus. (12. 

IJber. 501, 523. 
Lilier-cclls, .501. 
Liber-region. .506, .520. 
Lichens, mondiology of, 
441. 

-, reproduction of, 

589. 

Life of plants, 468. .542. 
Light, action of, .571. 

-, influonee of, .571. 

Liguiate corollas, 105. 
Ligule, .50. 

Liliaceous eorolla, 104. 
Limb of calyx, 101. 

-of corolla, 105. 

-of {Nstnl, 103. 

Lindley's System, 193. 

I linear, ,53. 
Linear-lanceolate, 54. 
Linnipan System, 182, 
Lirellic, 44-2. 

Liverworts, morphology 
of, 42.5. 

-, reproduction of, 

597. 

Lobed leaves, 66. 

Lobes, 61. 

-of anther, 114, 116. 

-of calyx, 101. 

Loculi of anthers, 116. 

-of ovaries, 123. 

Loculicidal, 13.5. 

Locusta, spikelet of a 
grass. 110. 

Lodiculo:, 111. 
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porous cells, 480. 

■ debiscence of aa- 
therH, 117, 1»‘54. 

-•-of IVuit, 134. 

Postvontitious buTbs, 27. 
Pra‘fl<m\t ion^.iS. 
Prtvfolialioii, 70. 
PnrveiitiliouH bulbs, 27. 
Primary nicrabrano, 477. 
Priinim:, 1*K), IfiO.Oil. 
Primitive fibre, 470. 
Primordial utricle, 480. 
PriBumtie cells. 474. 

- . panMicbymn, .^>00. 

I’rocf'sses, physiologioal, 

.^»50. 

Procumbent, il8. 
I’roirressivc vascular buu* 
dies. f)08. 

Propagation, i)82. 
Praseiicliyina, TjOC, i50l. 
Prostrate, 38. 
Proiaiidrous, Cl 5. 
I’roteinnceoiiM matters, 

375. 

Prothalliuiii. 000. 
Prothalliis, 410. 
Prologjijous. 0J3.‘ 
Protoncma, OlK). 
Protoplasm, 480. 

— inovenieuU of, 531. 
Pniinoiic, 02. 

]’ubesiec*nt, C2. 

Pulvinus, 40. 

Putaiiicu, 133. 

Pjxis, 143. 

Quadrilocxdarnntlier, 11C. 
Qiuvterniiry flowers, 87. 
Quinary flowers, 87. 
Quhiate, (lO. 

Quinetinciid. 11. 

-(estivation, 90. 

Pneemo, 7(>. 

Panes, not lire of, loO. 
Kachis, 110. 

Pndiant florets, 70. 
Radiate, 127. 

Radical leaves, 45. 
Radicle, 1.3,1(1, 152, 
Radix niuUico]>s, 33. 
Ramal leaves, 40. 
Ramification, 07. 
Ramosissimus, 39. 


Bapbc,'130. 

Ba])liidos, 400. 

Roy, 70. 

Bays, medulla ry,520,523. 
Becc^ptacie of flowers, 0^ 
90. 

-, anatomy of, 530. 

-, common, 78. 

-tFucaeejv), 1()8. 

-(Fungi), 171. 

Keceptocuiar tube, 05. 
101 . 

Bccliiinte, 71. 
Kedupliwite, 00. ’ 
Befl(*xiil i)oriaTiih, 108. 

-se]ml8.101. 

B(?gions of altitude, 045. 
Iti'giua, J4.3. 

Regular ealyx, 101. 

-eomlla, 104. 

-fljjwer, 88. 

Btmiforin, 5.3. 

'Re]Niml. 50. 

Ke])ens. 38. 

Bepliim, 125. 
Ref)resontalivc species, 

‘ 0 . 37 . 

Beprnduetion, sexual, 
.^87. 

-, vegetal ivcj 570. 

-of Alga*, 580. 

-Angios]K)i;.e, 

-C’onfervoideie, 501. 

— - Dialomacea', .500. 

-I'ilquisetiUM'U), «581. 

-Fitiis, .581. 

--b'ucaecre. .580. 

-- Fungi, 580. 

-llepatioc, 580, 507, 

— - 1 -ietumi*, 580. 

—— Mai*si]cauea*, 002. 

-SIosH(», 580 , .507. 

— • Phaneroganiia, 581, 
(MM. 

-8porogamia, 0(^. 

■-- Thallogamia, 000. 

-TImllopbyfa, 580. 

Reservoirs for secretions, 
514.. • 

Besin^ secretion of, 577. 
Ki'sinration ef plants,573. 
Be^ing-spore, 540, 503. 
llesnpinato ovule ( 01 * * 
Pluinbaginftoea'.)^ 129. 
Reticulated 484. 


Reticulated vessels, 504. 
*KctiiHU‘iilum, 120. 
Betrbserrate, 50. 

*Ri‘tust , 5.5. 

R-« version,’020. 

Bcvoliile, ro, 72. 
RbizonTe, 21,25, 30. 
Kbizotaxy (urraugemont 
of^5(s>U), 17,, 
Bbotuboidal, 5^1. 

Ribs. 51,520. 

Riblnd, ;t8. 

Rind of Monocotyledons, 
518. 

Riiigent, 107. 

Kiiighig of s;.tems, 570. 
Roots, io. 

-, adventitious, 18. 

-, aerial, 10. 

-, axial, 17. 

-, buds on, 21. 

-, dovelopuient of, 

53!). 

— —, diriH^tion of, 539, 

-, illvrils of. 10. 

-, selecting power of, 

50.3. 

-, strueturc of, .524. 

-, tuberous,*]7, .527. 

Rool-stoek, 21,25, 30. 
Ktisneeuiis corolla, 104. 
RosulaU*, 44. 

Rotate ixirolJn, 105. \ 

Rotation of C(41-sap,.551. 
Kiiininaiod endosperm or 
albumen, 151. 
Runcinate. .57. 

Ruimcrs, 33. 

Saccate, 102, 

-petals, 104. 

Sagittat^s 5,3. 

Samiu'a, 143. • 

Sax3, ascent of, 5C5. 

-, crude, 505. 

—, dsr^nt of, 5C0. 

-jclabomtod, 5Cyf570. 

Snp'W'ood, ,523. 
Sapindacem, stcm84)f,521. 
Sarcocnr]), 133. 

Scabrous, 02.. 

Scukriform ce]ls,«« 

-vcsselsi 504. 

Scales, 70, 5101 ^ 

-Mf corollas, 1#7. 
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SoalT, C2. 

-bulb, 26. 

. Scanduiis, 38. 

Bcspp, 73. 

Scattered, 40.' 
Sebizuoarp, 13.^. 
Brorpioid e}'ino, 80. 
Screw-Kuoit, 21. 

Scurfv, (W. ,■ 

Scuteilie, 443. 

SccomUu 7 layers, 479. 

-Rl>iral, 42. 

Secretion, o7it. 

Secrctious, mnals for, .'514. 

-, reservoirs for, 514. 

Secretory Kyslcni, .513. 
Secundinc. Um, i.‘>0, till. 
Seeds, diameters of, 148. 

-, vitidily of, .>16. 

Segments, 61. 

Selecting power of roots, 

5a*). 

Sensitive plants, 028. 
Sepaloid pcrioutli, 109. 
Sepals, lot). 

Septa of cells, 475. 
Stpteimie, 60. 

Septicidal, 13.5. 
Sejitifnigal, 134. 

Septum of antlicrs, 116. 

,-of fruits, 132. 

SoriccuUs, 62, 

^.Stjn’atc, .')(>. 

Sessile, 47,'.54. 

-flower, 73. 

-leaves, 47. 

-stamen, 113. 

-rstignuu 120, 126. 

'Seta of Muasus &e., 420. 
Spta’, 62. 

Setose, 39, 02. 

Sexual reproduction, 587. 
Silica, excretion of, 578. 
Siliceous deposits, 487. 
Silicula, 144. 

Siliqoa, 144. 

Siulple fruits, 140. 

— 7 - leaf, 51. 

-.pistils, 123. 

Simultaneous vascular 
bun^lles, 507. 
Sinj.'^iarso, 100. 

Sinu’H 5Z. • 

Sinu „ lOl. 

■ Size of cells, 476. ' 


Skeleton of plants, 487. 
Sleep of plants, 620. 
Slips, .583. 

Solitaiy flowers, 73. 

Sori of Alga', 431. 

-of Ferns, 416. 

Sorusis. 147. 

S])adix, 76. 

Sputlie, 74. 

S^jatliulate,.%), 5.5. 
Special receptacle(Fungi), 
171. 

Spedes, names of, 159, 
104,-lOO. 

-, lull lire of, 150. 

- , origin of, 161. 

-, representative. ti37. 

S|iedfie charueter, 177. 
SiKY^rutri, rays of, .571. 
S|K'rmatia, 4:13, .589. 
Spermatoznids, .5.'),'), 

-of Algu!, 431. 

Sperm-cells, 000. 
Spcrioocivrpia, 10. 
Spcriiiogoiiia, 442. 
S])luilerueurpum, 141.' 
Splieroidal cells, 472. 
Spike, 7ti, 

Spikelet, 70, lit). 

Spines, 02, t'K5, 510, 

-ileaf), .55. 

Spinoso-serratc, 6(i. 
Spinosiis, 39. 

SpiumiB, 02. 

Spiral embryo, 1.52. 

--fibrous cells, 483. 

-growtli, 029. 

-(leaves), 41. ‘ 

—— structure of mem¬ 
brane, 477. 

-vessels, .502. 

8)torigiolos, 527. 
Spontaneous generation, 
644. 

Sporanges, 1.54,410. 
Sjiores, 154. 

-, resting, 593. 

——, vitality of, 540. 
Sporo-fruita, 411. -, 
Spore-sacs of Algo:, 431. 
Sporocarpiav 10. 
Sporoearps, 411. ‘ 

Siibroguraia, 10, 602. 
Sports, 620. 

Spur, icia*\ 


Simrious dissepiments. 

Spurred petals, 104. 
Stalked seizes, 62. 
Stamens, characters of, 
113. •' 

-, compound, 114,119, 

041. ■ 

-of Gymnospennia, 

117. 

Sliuninifcrous, 90. 
Staminodc, 113. 
Standard, ia5. 

Starch, 48.5, 570. 
Stareh-grumdes, 494. 

-, test for, 4!l.5. 

Statistics of vegetation, 
t‘i67. 

Stellate cells, 474. 

Stems, 21. 

-, anatomy of, 515. 

-, dovdopmout of, 

538. 

Sterile flowers, 90. 
Stidiidium, 431. 

Stigma, 120. 

Stigiiiiis, dwructors of, 
126. 

St ignuita bicriiria, 127. 
Stigiimiic surface, 121. 
Stings, 62, 513. 

Sti|a'ls, .50. 

Slijiitalc, 97. 

SlipuU-s, 46, 48, 49,51. 
Slipidate, 48. 

Slock, .‘i5. 

Stomata, ,508. 

-, devdopinentor, .537. 

Straight em bryu, 152. 
Striate, 39. 

St rict us, 37. 

Strobile, 76. 

Strobilus, 148. 

Stroma, 44.5. 

Slrophiulcs, 1m. 
Structure of flowers, 86. 

-of leaves, 528. 

-of ])otiolce, 529. 

-of plants, 468. 

-of roots, 524. 

-of stems, 515. 

Style, 120. ' 

-, diameters of, 126. 

-, structure of, 530. 

Sl^lospores, 445. 
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Bubei*ou 3 layer, 520, 524. 
Submerced leav^, 01. 

520. ^ 

Subordora, 170. 
Bubrotun4 59.. 
Btibaiiluiion, 07* 
Bubiilate, biij Tl4. 

SufH^uloiit, 61. 

Su^r, 485, 407. 

-. sccretioTi of, 576. 

Superior, 05. 

-fruits, 137. 

-ovary, ll}f3. 

Suppre^on, 88, 00, 01. 
Supradcct)iiipu8ite, 58. 
Suriacra of iMives, .51, 01. 
StiHpiiidcfi ovule, 120. 
SusfKMiKor, 008. 

Sutural deiusceuce, 117, 

i;u. 

Sutures of anther, 114. 

-, dormil, 121. 

-, A’cnlral, 121, 

S\ronus, 147. 

Syuiiuelrical flovro*, 88. 
SyiKturpiuin, J42. 
SviieiinKjiiB fruits, 137. 

—— pistil, 122. 
Syngenvaiinis, 04, 119. 
Syuonyuis. 107. 

System, lu'rinl, 512. 

—*—, orllulnr, 505. 

--, <H rtical, 508. 

-, llbro-VttBciiJar, ,500. 

-, secretory, 5J.*>. 

Systematic botany, 155. 
System of Uentlium aud 
«Hookcr, 104. 

— of Do Candolle, l*.i2. 

-- of liludlieluT, 192, 

-of J'-tssiou, 190. 

-of liiidley, 103. 

-of linnanis. 182. 

Systems, ariiOeial, 181. 

-, natural, 18(). 

— • of daKdiication, 181. 

^bular colls, 472. 

-parenchyma, 500. 

I'anniu. 579. 

^Ip-root, 17. 

Teeth of calyx, 101. 
Xegraen, 120l 149. 
Tegmenta, 69. 

Tern cont^ta, 502. 


Teinperuture of plants, 

Tendrils, 03. 

Teratology, 83. 

CIVrote, 38. 

Terminal buds, 22, 00. 

-inflorescence, 72. 

OVmary compounds, 573. 

-flowc'rs, 87. 

Temate, 00. 
Tomato-pinimbs Oo. 
^'ertiaiy las ers. 485. 
Testa, 130,'140. 

^'osts, 404. • 

Tetradynamous 118. 
Tctriimerous floners, 87. 
Tetrasporcs, .580, 589. 
Texture of loaves, 61. 
Tiialamifloriil, 05. 
Thalamus, 85, 07, TCiO. 
Thallogantja, 10,414. 

-, reproiliicUonof.OOO. 

TliJiUopliyta, 21, 1.54. 

-, morphology of, 

427. 

-.reproduction of, 

080. 

J'hallus, 154,427. 

ThiHW, 154. 

'J’hornH, 0.5, 510. 

Tliroat of calyx, 101. 

— of corolliv, 105. 
Tl.yrw', 7t. 

Tigi'llum (hypocot^lcdo- 
imry axis). 

CL'isauo, wndiicting, 030. 

-, foiled, noA 

—kind, of, dim. 

-, vascular, 471, 502. 

Tonirntoae, (>2.. 

I’orua, <.I7, 112. 
'IVauapinitioii, .KiO. 
TniiiB]K>rt of plants, 635. 
'l'riadcI]>hoiis, US). 
'XViandrouB, 117. 
Triaiigukir, 3H, 53. 

Tribes,' 170. 

Trichogyne, 433,5W, 603. 
Trigonous, SVL • 
Trimcroiib flowers, 87. 
Trimorpliism, 616. 
Tripiiwwto, 60.* 
TrfeniiaUiid, 68. 
Trij^nolisect, 58. 
TripAruerved, ^ - 


Triquetrous, 38. 
Tristiclibiia, 40. 
Trnuk,'34. 

I’lynia, 145. 

. T'lbc of calyx. 1)7,101. 

-of ooroUn, lilu. 

-, roepptaeular, 1)5. 

Tubers, ateni.,;2!). 
Tiilwcous roots, 17,527 
Tubular, 101, lOTi. 
Timicati^ bulb, 26. 
Turbinate, 101. 

Turio, 33. 

Twining, 38. 

Typical flower, 88. 

ITmbel, 77. 

Iinibollule, 77. 

I'lnbilicul cord, 120. 
lindulaled, 56. 

Unguis, UKl. 

Cnqiigatc, ■ID. 

Unilocular antlior, 116. 

-ovary. lA'I. 

Unisexual, 1)0, 113. 
TVicolale, lol. 

Utricles, 63. 

-, primordial, 480. 

Utrieulus, 112, 141. 

-of Ciircx, lil. 

Uva, 145. 

Vagina, 46, 41). 

Vaginule of Mosses, 421$ 
51)0. 

Viilvale, 70. 

-a'Slivulioii, 00. 

Valves of fruits, 134. 
Valvular (satunil) de- 
lUBcenco of antlier, 3R; 

-of iriiita, 13S:* 

VarioticB, 1.58. 

--, names of, 168. 

-, natiure of, 167. 

Vasa propria, 502, 60.5. 
Vascular tissuc,'5W, 602. 
Vaseiilose, 487. . 

Vegetable, deflnition of, 
642. ^ • • 

-Kingd^, 10. 

- , systematic 

view of, 104. -y 
Vegetation, cUbmistry, 
658. ll 

-, pbysiology of, q 
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Vegetation, statietice of, 
B07. 

-, zones of, 04t..- 

Yegetatire multiplication, 
579. 

Yeins, 51. 

—— of loaves, .~>2iK 
Yelamen radicuui, 511. 
Yenation of leav^^pl. 
Yernation, 70.. 

Yersatilo antlior, 114. 
YerlieillBstor, 81. 
Yerticillate, 40. 

Vessels, .502. 

-, devolopmciil of,.5.17. 

-, latieiferuns, 514. 

Yexillaiy sustivutiou, 99. 


Yoxillum, 105. 

Yillous, (>2. 
Yinegor-plaut, 555. 
Yiseous, 62. 

Yiscuin, epidermis of, 
■ 511. 

Yital force. .542. 
Yitality of seeds and 
spores, .540. 

Yolatile oils, .577. 
Yolubilis, 58. 

Wax, excretion of, 578. 
Wliorled, 40. 

Winged, .IS, 49. 

Wings, lai. 
Winter-buds, 70. 


W ood of BiooMedons. 
520. 

Wooil-rcgion, 506. 
Woody ttore, 501. 

Xantbo-protoin, 494. 

Teast-pianf, .5.54. 

Yew, wooil-eells of, 48.5, 
Yucca, stem of, 518. 

Zones of vegetation, C32, 
641. 

Zoosjjores, .5.52, .590. 

-, dovelopuicul of, 

.535. 

-, movement of. .552. 


XHE END. 
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Ixnnentnin, 141. ' Ifonaiform dnots, 502. 

Liiiiiino 9 ityofplantB, 034 . Monoo»q)ic, .547. ' 

lijpopodiacerc, morpUo- MonoeHamyileom, flO. 
*• lo^ of, 507. 


-. rrapoiBiction of, 

fi02. , 

-, stems of, 515. 

Lynite, .57. 

Mnce. 1.50. 

Miipiitiiile of polls, 47C. 
Mttlo flowers, 00. 
Malpigliiiiccia, sleiiui of, 
.521. 

MangroTes, 20. 
llamuccnt. calyx, 10.5. 
Margins of Icares, 55. 
Marine plants, 501, 
MarsileapciB, morphology 
of,4Jl. 

-, reproduction of, 

002 . 

Mealy endosperm, or al¬ 
bumen, 1.51. 

Medulla, 523. 

Mean! !iry ravs. .520,623. 

-slirivfli, 5§0. 

Megasiiorps, 002. 
Membrane, cell-, 477. 
Moinbrano of pells, com- 
jHisition of, 4S(r. 

-. pcasjsity of,"477. 

Mombnmons, 01. 
Mercnchyma, .500. 
Mcriparps, 1.3.5. 

Mosocarp, 1,33. 
Mcsotboeiimi, .530. 
Metamorphosed leaves, 
02 . 

Metamorphosis, 88. 
Mctliods of study, 3. 
Jfctis, 018. 

M ierogonidia, .51(1. 
Mieropyle, 129, 149. 
Mieroseopg, 5, 
Mioros|iores, 002. 

Midrib, .51. 

Millc-Tesscls, 514. . 

Milky jiiipCB, .578. 

Mineral pmduets, 578. 
Mistletoe, 21. 

Molecules, 478. 
Monadelphotts. 94, 119, 
Monandrous, 117. 
Moniliform, 114. 


Neuter flowers, 90. 
Nitrogdn, sources of, 501, 
573. 

Monocotyledoups, 10,14.* Noilding, 37. 


-, roofs of, .524. 

- , stems of. 510. 

Monoplinous, 015. 
Monmi'ioiis, 90. 
Monopetaloiis, 9.3,103. 

-corolla, 10.5. 

Monopliyllous, HI8. 
Monospmlons, 9.3, 101. 

-calyx, 101. 

Monnlli^amic, 137. 
Monstrous carpels, 121. 


Nodes, 22,09. 

Nodose, 38. 

Nomcnplaturo. 103,104. 
Nucleolus, 401. 

Nuclftuti of pells, 491. 

-of ovule, rj9. 

Nucnlaninm, 144. 

Nucule of Cliaracefc, ,590. 
Niicidcs, 141. 

Nutans, 38. 

Nutrition of cells, .5.54. 


Morphology of Cryploga- Nymijluraccie, stem of,* 
mia, 1.^3. .521. 

of Phanetogamia, 


11 . 

Morscs, morphology of, 
420. 

-, reproduction of, 

• 580,507. 

-—. stems of, 515. 
Movements of plant8,024, 
629. 

—— of protoplasm. .5.51. 
- of siicnnntosoids, 

-of xo<>apor3l!.i'.l: 

Mncilsgiiious ondosp 
or alhiimen. 151. 
Mneronnte, .55. 

Mules. 618. 

IMiilHiugnte, .59. 
Multiiocular ovary, 123. 
MuUiple traits, 137. 

-pistils, 142. 

Muitiplitaition, 88,679". 
Mnriform parenchyma, 
.500. 

Mycelium, 444. 

Naked buds, 69. 

-flower, 90. 

Napifomi root, 18. 

Natant, 61. 


Oheordale, 53. 

Oblique, .54. 

Oblkpiity, 97. 

Ohovato, .53. 

Obtuse, .5.5. 

Obvolute, 71. 

Ocrca, .50. 

Oflsets, 33. 

Oils, essontial. 498. 

-,flx«l,497. 

-, vohitilo, liJ7. 

Oily endosperin or albu¬ 
men, 151, 

0))cn-nlnr dehisoopco ol 
antbers, 117. w 
OijKjJcnliim of Mos8Cs,4^ 

Orhieuldp-’-’- 
Orchids, I 
Orders, Linmr 

-, names of,"’ 

Oi^ic acids. 57^ 

—^structure, 544.*' 
Organiaing foreo, 542, * ‘ 
Organs, 4<^ 

-development of..540. 

-, elementary, 409. 

-, essential, IKl. 

-j^intemal anatompof,' 


Natural classification,18C. Organs of inowerillg 
-: fmnilies, 100. plants, 11, 


Navicular, 104. 

Naelary, 104. 

Nfctaries, 108. > 

Nefcaturo of leaves, 51. 
Ner#% 5J. . 


Orohoncha?eB!, 21. 
Orthotropons, 130.’ 
Osmose, 562.’ 
Ovary,^0. 

Ovate, 53. 
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OTato-Ianccolato, M. 
Orerhannng, 38. ' 

Ovule, laO. 

'' -, cbaraeiers of, 1^. 

' —development uf,r>41.' 
—;—, of Angiosponmi, 
610. 

—, of Qymnuiiporms, 

^ ^ 

^-of Piianorogamio, 

6or. 

Oxygen, evolution of. 671. 
Q' one, action of, 061. 

Palate, 107. 

Pa'es, 74, 110. 

-of capitiila, 78. . 

Palmate, (iO. 

^alniifid, .O?. 
Palmincm'd, .OS. 
Palraiparlilo, 07. 
Palmipiiiniitc, 61. 
‘Pfhni.HOtit, .67. 
fPanicle, 76. 

Paper, l)()lanica1, 4. 
^Pspiiionacoow) corolla, 
10.'». 

Pappus. 102. 
Paracellulosa, 487. 
ParaUcl-lierved. 61. 
PaiTncIiyma, 500. 
Parietal placenta!!, 124. 

- Paripinnate, 59. 

rtial ))eUule, 48, 5^. 
•‘Baades, interccllul,]^^ 

■,>!itolI®, 442. 
yatent, 39., 
iPedLie, 

**' .67. 

.yHUan partite, .67. 
PeBalisect. .67. 

Pe^ool, ^3. 

Peduncle, 73. 

-, fuliaccons, 82. 

Pelt*,'442. 

Pel,rate, 65. 

—^anthers, 117. 

—i- stigma, 127. 
Pendant, 38. 

Pendulous, 30. 

—;■ - 7valo, liS). 

P4 HUato stigmas, 127. 
Pen;- lerved, 62, 
euk. tlelphouSi'ilO. 


PentamerouB flowers, 87. 
Ptihtasticlious, 41. 

Pepoi 147. 

Perennial plants, .647. 

-stems, 33. 

Perfect flowers, 90, 112. 
Perfoliate, 55. 

Perforated cells, 482. 
Periantb, 98. 

-clmritt-ters of, 108. 

-of (JrassPH, 110. 

-ofJungermanniaccie, 

424. 

Pericarp. I.'W. 

Perichretial leaves, 421, 
424. 

Pericluetium. 424. 
Periderm, .624. 

Poridium, 416. 

Perigouo. 98. 

-(Jungerraanniacotc), 

424. 

Perigonial leaves, 424. 
I’erigjniutn, 112. 
Perigynous 1*4,9.6. 
PcricKlicily in jilaiits, .647. 
Pcriplicrical embryo, 153, 
Perisperm, 161. 
Peristome, 421. 

Pt^i^liecia, 442,44.6. 

P 6* t!!n*„, jct, 108. 

—* — calyx, 102., 

-corolla, l(B. 

Personate, 107. 

Petals, 1(«. 

—— strap'likc, 101. 
Petaloid, IW. 

-filament, 114. 

— iH'riantli, 108. 
Petiole, 40:.48, 148. 

-, slriieturo of, ,629. 

Petiolule, .68. 

Petrified plants, 070. 
Pliaueroganiia, 10. 

——, reproAiction pf,604. 
Phyllaries, 74. 
PhvllocYsninc, 493. 
Phyllodes, 47, 48. 
Pliyllorlia, 02 
Pltyllotaxy, 40. 

-of flowers, 80. 

Pliylloxandiine, 49.3, 
Physiological forces, 6t^> 
— — processes, .660. . 
FbyAioiogj;, 468. 


Fileorhixa, 626, 

Pilpse, 39, 62. 

Pinna?, 58, 61. 

Pinnate, 68. 

Pinnatifid, 66. 
Pinimtipartite, 66. 

Pinnatisect, 1)6. 

Pinnules, 61. 
Pistiliiferous, 90. 

Pistils, characters of, 120. 

-, structure of, 530. 

Pitcher-plants, 63. 
Pitchers, 03.. 

Pith of Dicotyledons, .620, 
.62.1. 

Pil.s of cell-memhrane, 

* 479. 

Pittc?d cells, 480. 

-durts, 504. 

-epidermal cells, 485. 

Placenta, 121, 124. 
Iflius-ntoids. 5.‘I0. 

Plaited n>stii'ation, 99. 
I’iants.de.scription of.170. 

-, distribution of, 03 

-, food of. .658. 

-, fossil, ()70. 

-, life of, 468. 

-, skeleton of, 487. 

Plicate, 71. _ . 

Plicate a'stivatioii, 99. 
Plumule, 1.6,66,122,1,62. 
I’odosperm, 129. 
Pollarding, 581. 

PoUen, 113,114,119,605. 

-of Clymnospermia, 

(i06. 

Pollen-JiiHsses, 119, 605. 
Pollen-tubes, ti07,012. 
PoJlinui, 120, 0tt6. > 

PolyndelplioiiR, 119. 
PolyandrouB, 117. 
PolycotyledunouB, 152. 
Polygamous, 90. 
Polygonal celli., 474. 
Polypotalous, 93, 103. 

-corollas, 104. 

PolypbyllouB, 108. 
Polyseimlous, 93, UK). 

-ea^, 100. 

Polytlialomie, 137. 
Fomum, 147. ■ 

Pores, 136. 

Porosity of membrane, 
477. 






